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EDITOR'S PREFACE 

The present volume continues the translation of Professor Von Ziitel's 
Grundzuge der Palaeontologie through the Vertebrates as far as the class Aves^ 
and corresponds in scope, though not in extent, to the third volume of the 
well-known Handhuch by the same author. The final volume, when published, 
will be devoted exclusively to the Mammalia. 

The translation of the Vertebrates has been conducted on the same plan as 
the preceding volume, and, like it, has been appreciably enlarged. Although 
nearly all portions have received the benefit of expert revision, and some are of 
composite authorship, yet on the whole the original text has been more closely 
adhered to than in the case of the Invertebrates. The classification, also, 
departs from that of the Grundzikje in only a few minor particulars. The 
chapters on Fishes and Amphibians are chiefly in the natiu-e of a literal 
translation ; those on Reptiles and Birds are more modified, at least in certain 
parts. 

Dr. AiiTHUR Smith Woodward, of the British Museum, is to be credited 
with the entire translation and revision of the class PisceSy on which group he 
is acknowledged to be the most eminent living authority. He has been 
careful, however, to subordinate his views on various taxonomic points to those 
of the Author. In the same way Dr. E. C. Cask, of the State Normal School 
at Milwaukee, Wisconsin, performed the principal labour of translating and 
revising the chapter on Amphibia, and assisted in the task of rendering the text 
on Reptiiiii into English. Owing to the untimely loss of the late Dr. George 
Baur, of Chicago University, the text for the various orders of Reptilia failed 
to receive the benefit of his collaboration. It is also to be deplored that 
the arrangements made with Professor O. C. Marsh for the revision of the 
Dinasauria were cut short by the final passing in 1898 of this distinguished 
patron of Palaeontology. 
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Grateful acknowledgments are due to Professor H. F. Osborn and Dr. 
0. P. Hay, of the American Museum of Natural History in New York, and to 
Mr. J. B. Hatcher, of the Carnegie Museum at Pittsburgh, for valuable notes 
and suggestions on the group of Reptiles, especially the order Dinomuria ; and 
to Professor S. W. Williston, of the State University of Kansas, for his revision 
of the Reptilian orders Sqmmata and Pterosauria, with notes on the Plesiasaurui 
and Chelonia. To Mr. Frederic A. Lucas, of the United States National 
Museum at Washington, was confided the task of arranging the text for the 
class Aves in its present shape, which involved the rewriting of the entire 
systematic and most of the general or introductory part. The balance of the 
present volume, in so far as it departs from the original text, owes its condition 
conjointly to the work of the Author and Editor. 

In spite of the imperfections inevitable to a treatise produced in this 
manner, the hope is expressed that the subject-matter will be foimd more 
nearly up to date, and on the whole better adapted to the needs of English- 
speaking students than would have been the case had the Editor contented 
himself with bringing out a strictly literal translation. He would likewise 
speak a word of gratitude for the many favours and indulgences he has 
received at the hands of his friend and master, the Author. 



CHARLES R. EASTMAN. 



Harvard University, 
JiUy 1902. 
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Phylum Vm. VEBTEBRATA 

• 

Bilaterally symmetrical animalsy with a cartilaginous or ossified vertebral axis, 
which is usually composed of a series, of similar segmentSy the same supporting the 
central nervous system and dividing the trunk into a dorsal and a ventral portion. 
Never more than two pairs of limbs. 

The vertebral column develops from a rod-like cellular tissue of gelatinous 
consistency (chorda dorsalis\ of which the outer (skeletogenous) layer gradually 
subdivides into a number of similar segments, which are originally cartilagin- 
ous but subsequently calcified by the deposition of phosphate of lime or are 
replaced by bone substance. At the anterior end of the vertebral column is 
the cranial capsule enclosing the brain, also the visceral skeleton. The 
appendicular skeleton is likewise preformed in cartilage, and among the higher 
Vertebrata usually develops completely into bone substance. Only some of 
the lowest Vertebrata exhibit a persistently cartilaginous internal skeleton. 
The calcification of the cartilage in the sharks and skates takes place in such 
a way that a homogeneous limey substance is deposited between the cartilage 
cells, while in ossification the original cartilage cells disappear, and by re- 
sorption of the intercellular substance there arise canals with blood-vessels 
(Haversian canals) as well as small hollow spaces (lacunae, bone corpuscles) 
filled with bone cells (osteoblasts). The latter are connected with the 
Haversian canals by very fine tubules {primiiivrohrchen) radiating in all 
directions. In many fishes the lacunae (bone corpuscles) are wanting, so that 
the primitive tubules arise directly from the Haversian canals. 

The skeleton of the extremities consists of several articulated segments 
which exhibit an extraordinarily varied arrangement according to the function 
of the limbs. 

The nervous system consists of a central organ divided into brain and 
spinal chord, from which numerous nerves arise and extend throughout the 
whole of the body. The blood is first driven to the organs of respiration 
(gills or lungs) by means of a heart provided with one or two auricles, and 
after it has traversed the body in numerous veins it returns to the heart. 
The oesophagus, stomach, intestine, liver, kidneys, and spleen, as well as the 
organs of generation, lie in the ventral part of the body. The skin is often 
provided with hairs, spines, scales, feathers, or bony plates. 

As a rule only remains of the bony skeleton, teeth, or hard ossified parts 
of the skin are available to the palaeontologist for investigation ; but these 
can generally be determined with great certainty. 

The following five classes of Vertebrates are distinguished : — Pisces^ 
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2 VEHTEBRATA phvllm vni 

Amphibia, Jiepliliit, Ave$, and Mammalia. Keceiitly the numerous groups of 
Tunicaia and Leploairdii have been placed with these aa special classes and 
often regarded as the aticestors of the Vertebrates. As these have left no 
fossil remains in the rocks, the palaeontologist discovers no clue to the origin 

of the Vertehratn. 

Class 1. PISCES. Fi.lim 

Cold-hlooikd animals liviiTg in water and iisuatly Wfothiitg exclusively hy gills. 

Limbs in tlie form ofjiits. Skin with scales or bony plutes, rarely naked. I'ertebral 

axis ending in a vertical f.audal Jin. Heart with a single, ventricle and auricle. A'o 

amnion or altaniois. 

To the skin structures of fishes belong the scales, dermal bones,^pines, 

tin rays, and ttietb. 

Scales. — Louis Agassiz diettnguiahed four kinds of scales, to which in his 

system there correspond as many orders. 

I. Plaeoid scales occur only among the Selachians. They are usually 
small rhombic plates, star- 
shaped, leiif - shaped, 
pointed, spade -shaped, or 
even conical structures 
which lie close together 
and form a rough mosaic 
(shagreen). The plaeoid 
''"'"■ '■ '■'I'-- -■ scales are often of variable 

iw;»t*!™.'v,."a.S'o"'rcrXr£; a^lKStr-X^'Vi;™""^ form on different parts of 

(/■rt-iuoiton) ini»|T(.nij. Betoiit. Nut. bi^. [he bodv, and sometimes 

{e.g. among the rays) single 

tubules are conspicuous by their large size and sculpture, and appear as thick 

plates externally roughened 

or provided with spines. 

Plaeoid scales (Figs. 1-3) 

have the structure of teeth 

and consist of a basal plate 

{of thick phosphate of lime) 

penetrated by vertical 

bundles of connective tissue 

tibres sunk in the skin, and 

a freely projecting upper " 

part composed of dentine 

and penetrated by coarser _, / 

and finer little canals. All 

the canals arise from a cavity 



Oi 



R, Banal pk 

tissue and tooth 
(odontoblasts, o), and. sub- 



(pulpa, p) filled with COnnec- iiiiHiiie tHnsl* ; /, BimdiiK of rnimertA* ttBHU* ; ». IjiiBo prlnflHil 
■■ ■■ ' — — HthiKup-Kiit.: ", ixloutobluu; j^ rnl|'r»vit)- 



divided outwards into continually finer branches. Besides phosphate of lime 
the dentine comprises small quantities of fluoride and carbonate of lime. The 
core of dentine is covered by a thin, shining, very hard structurelesa outer 
layer, which corresponds histologically and chemically with the enamel of 
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teeth. Placuid scales often fall out und are replaced like teeth by succesBional 
tubercles. 

2. Ganoid scales (Figs. 4-7) attain a larger size than placoid, and usually 
cover the whole trunk. They are of rhombic or rounded shape, and in the 
latter case overlap one another 

like roofing tiles. Those of _^^^ ^r " 

rhombic form are usually ^['^^,•'5^ 
arranged in regular rows, and , 
are movably articulated by i 
tooth-like process of the upper ' 
margin which fits into a cor 
spending hollow on the inner 5f'vJ--.jo 
side of- the adjoining scale. " *' 
The exposed outer face is 
covered by an enamel layer 
(ganoine) ; it is usually thick 
and shining, sometimes dark- i 
coloured, smooth, rugose, or 

ridged, and beneath it there is a basal plate consisting of bone substance and 
pierced by numerous canals. Among the Palaeozoic genera, indeed, the basal 
plate shows great complexity. The deeper layers include numerous lacunae 




(bone corpuscles) and Haversian canals, while the upper layers as a rule are 
traversed only by fine dentine tubules. 

3. Cycloid and denoiil scales are exactly alike in general characters, being 
thin, elastic, and of rounded, elliptical, four-, five-, or six-sided shape. They 
consist of a homogeneous, transparent shining surface-layer of phosphate of 
lime, and of a base of connective tissue deficient in alkalies. The scales are 
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developed in special folds of the cutis, and generally overlap one another like 
^ B c roofing tilea. Cycloid scales . 

(Fig. 8, A-C) generally exhibit 
a rounded or oval form and a 
simple non- serrated hinder 
border. In ctenoid ecales 
(Fig. 8, D, E) there project 
from the hinder border small 
points and denticles, which are 
K sometimes arranged in several 

series one behind the other, 
and may indeed cover a con- 
siderable part of the hinder 
surface and have the same 
" I structure as the superficial 

layer. From the so - called 
I primitive field divergent lines 
radiate chiefly forwards and 
backwards, and sometimes also 
pass into reticulations; these 
lines being merely fissure-like 
interruptions in the outer layer 
(Fig. 9). Between the upper 
•■"'"■ ''■ parallel layers of the fibrous 

ci^noid'''™"w'uf D^4(n''^»nd E,' iwuw'^^ connective tissue of the base 

there are often intercalated 
small, round, concentrically marked calcareous bodies, which are most 
numerous beneath the primitive field, sometimes fused with each other into 
a continuous layer, and here and there 
exhibit bone cells. Snch scales are not 
essentially different from very thin 
ganoid scales. 

The large plates, shields, spines, etc., 
which partly cover the body and partly 
the head of many fishes {Arthrodtra, 
Siluridae, Acipenseridne), consist either 
of uniform bone substance, or, like the 
ganoid scales, of layers of ostaine, 
dentine, and enamel. 

Large spines (Ich thy odorul ilea), ^n h 

(Fig. 10) generally occur on the front ExteniaiaurfHFcnraNraicof /■irurniniM. castaoK 
margin of the median, and more rarely viVti^uch'nMH'inwTrnlUr'^uaeio™ 
of paired fins, or on the head of carti- 
laginous fishes {Selachii). They are usually implanted loosely in the 
muscles by an elongated base, only exceptionally (Chimaerd) articulated with 
a lower piece. Like the scales and teeth of Placoid fishes they consist 
either entirely of dentine or of dentine and vasodentins. Ichthyodorulites 
often attain a remarkable size, and occur isolated in a fossil state, while the 
Palaeozoic examples are sometimes characterised liy a rich sculpturing. 

The outer projecting parts of the fins are also to be regarded as dermal 
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structures. They urise as folds of akin, which gradually become strengthened 
by numerous horny fibres (Selachii, Dipnoi). In most Ganoids and Tele- 
osteana these fibres are replaced by bony rays, which 
consist of two closely apposed halves. In the Acan- 
thopterygii (Fig. 11) each half consists of a single 
piece ; in the Malacopterygii the rays are subdivided 
by transverse sutures into numerona little pieces and 
often branch towards the end. Spiny and articulated 
rays frequently occur in one and the same fin, and in 
this case the aptnes are always in front. The rays of 
the unpaired fina are borne as a rule on flat cartila- 
ginous or bony supports with which they articulate 
(Fig. 11, C). These fin supports penetrate between 
the spinous processes of the vertebrae and are known 
as axonoats or (according to their position) as inter- 
ne ura Is and interhaemals. 

In many Selachians (Prisliophoriis, Raja) every 
gradation can be observed between the Placoid scales 
of the external skin and the teeth ; and as both 
exhibit essentially the same histological atructure, 
while the teeth only assume a firm connection with 
the head bonea in the higher fishes, the teeth must 
indeed be regarded as dermal structures. 

Among fishes all the cartilages or bones surround- 
^ g ing the mouth and gill cavity may 

l>ear teeth. They originate in 

calcification of sktn papillae, 

sis ting of a crown which freely 

projects, and of a root which is 

surrounded with connective tissue 

or united with the head bones. 

Their form and proportions are 

extraordinarily variable according to 

their functions. All gradations exist 

from the minute granular denticles of 

the perch to the long brush-like teeth 

of the sheat-fish, to the robust j 

hensile teeth of the pike and the 

powerful conical or laniarj' teeth of „ , „ ""■ '"" , „ , . 

Dendrodtis or Forlheus. Among the Oppti i-i«« ; Boii, wiiitsmbern. 

sharks there often occur teeth shaped 

like an arrow-head, flattened on one side, with or without 
e lateral denticles. To crush the food there are sometimes 
; obtusely conical teeth, sometimes bean-shaped, hemispherical, 
- or pavement-like teeth, and in certain Selachii the teeth are 

closely pressed together into a continuous mosaic. Peculiar 
cutting dental plates of considerable size occur in Diinlcn, Arlhrodira, and 
Chimaera. 

The number of the teeth in fishes is also as varied as their shape. 
While the Dipnoi, Chimaeroidei, and Gymnodonts possess only four lo 
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six teeth in atl, in many Sharks and Teleosteana these are numbered by 
hundreds. 

In the young of almost all fishes the teeth are fixed to the cartilaginoua 
or bony support by fibrous connective tissue, and in sharks and in many botiy 
liBhea this arrangement persists throughout life, so that after long maceration 
the teeth can easily be stripped off their base. In bony fishes and many 
ganoids the roots of the teeth become fused with the bone, and a socket-like 
elevation usually grows round the teeth. Exceptionally, teeth are also im- 
planted in distinct sockets. The siiccessional teeth are usually developed by 
the side of the functional teeth and continually push them out. 

With few exceptions the crown of the tooth consists of dentine, vaso- 
dentine, and enamel, the root of vasodentine or osteodentine. The enamel 
forms a very thin brilliant homogeneous superficial layer, as hard as glasn, and 



dolna (.SjiAairmtsji) •liij'i'. Ag. L'uu- II, IMiitiDF. K. Ewtiiel. f/l, Olaliui. EwpiiF. D. l>rntli». 
■iFilinKor<ienllnp(U)«nl rnanii-lO-iX ViuocidiUnr. H'. Ront iif Iwitli. S, Biiitiiel. I'D, Viiodtiilliii', 
Ujiiigr JuiuMii'. Much iimfcniBol. Much n»Knl'l<^ (aner StrmbfC)!). Much mimnmH. 

is easily recognised in polarised light by its double refraction. Very fine 
unbranchcd tubules frequently pass from the dentine into the enamel. It is 
composed of phosphate of lime, with a little fluoride of lime, a little carbonate 
of lime, phosphate of magnesia, and a very small quantity of organic matter. 
The dentine or tooth substance contains no fluoride of lime but much more 
organic matter than the enamel, is less hard, and dissolves more slowly in 
acids. Typical dentine (Fig. 12, D) is traversed by very fine outwaRlly 
branching tubules, which radiate outwards from the pulp or its branches, and 
contain thread-like processes of the tooth cells (odontoblasts). The dentine is 
also very frequently traversed by large anastomosing canals (Haversian canals), 
in which blood-vessels penetrat*, and the walls of which are covered with 
odontoblasts. Fine dentine tubules then radiate in a peripheral direction 
from these large canals. This vascular modification of tooth substance is 
known as vasodentine (Figs. 13, 14, J^D). 
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The root of the teeth of fishes is distinguished from the crown by the 
absence of an enamel layer. It consists either entirely of vasodentine, or also 
exhibits bone cells with radiating primitive tubules (osteodentine). 

The internal skeleton of fishes shows that in the different orders of this 
class there persist until adult life almost all the stages of development which 
are only temporary among the higher Vertebrates. The whole process of the 
gradual segmentation, chondrification, and ossification of the vertebral column 
and of the rest of the skeleton is quite clear in the different groups of fishes, 
and the fossil forms from the Palaeozoic and Mesozoic deposits furnish the 
most important information in this respect. 

Vertebral Column. — The first trace of the internal skeleton in all Vertebrata 
is confined to an elastic rod -like structure (chorda dorsalis) extending longi- 
tudinally on the dorsal side of the body, consisting of oil-bearing cells, and 
enveloped in a laminated sheath. Upon the chorda dorsalis lies the spinal 
chord ; below it, the ventral cavity of the body. 

The vertebral column persists throughout life in this primitive stage only 
in Amphioxus, The notochord, indeed, still remains unsegmented in the 
Cyclostomes, but the spinal chord is already protected by arch-shaped bars of 
cartilage developed in the sheath of the notochord (neural arches) ; and at the 
front end there is developed a cartilaginous capsule for the reception of the 
brain. 

In all typical fishes the notochord is divided into ring-shaped segments 
(vertebrae), and is partly or completely cartilaginous or bony. The chondri- 
fication or ossification always arises in the outer skeletogenous layer of the 
notochordal sheath, and begins with the upper and lower arches. 

A complete vertebra consists of a vertebral body (centrum) surrounding 
the notochord, two upper half-arches surrounding the neural canal (neuro- 
pophyses), and two lower half-arches (hemapophyses). The upper arches are 
united with a dorsal spinous process (processus spinosus, spina dorsalis, or 
neural spine), while the lower arches either unite in 
the caudal region into a ventral spinous process (spina \ 

ventralis), or remain as lower transverse processes na — 
(parapophyses). 

In many fishes provided with a cartilaginous 
vertebral column (Selachians and Acipenseroids), there 
are interposed between the upper and lower arches 
cartilaginous intercalary pieces (intercalaria) which ha 
sometimes exceed the arches in size (Fig. 15, i). p^^ j. 

The vertebral centra or vertebral bodies in cartila- r^y^^^ ^u,,^! vertebrae of 
einous fishes usually surround a persistent remnant cvntropAonM in side view, ha, 

^- ^, . 1 1 1 • 1 • .1 11 £ j.t. Haemal arches ; t, lutercalary 

of the notochord, which pierces the whole of the cartilages ; na, Neural arches ; 

vertebral column and partly fills the intervertebral Sasse)!"^^"^ ''^"'™ ^*^'"" 
spaces. The cartilaginous, calcified, or bony anterior 

and posterior faces of the vertebral bodies are deeply hollowed like double 
cones (amphicoelous), and thus give the centrum an hour-glass shape. 
In the Selachii there is usually a partial calcification, in the Ganoidei 
and Teleostei an ossification of the primitive cartilaginous centrum. 
While, however, the bony fishes generally exhibit complete ossification 
of the whole vertebra with all its processes, the ganoids of the Palaeozoic 
and Mesozoic deposits display every possible stage in the process of 
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osaifi cation. I 
edges of the i 



VERTEBRATA 

completely osBified vertebrae the anterior aod poaterior 

Dphicoeloua centra are in close contact and al^o bound 

together by ligamente : the notochord 

■* " persists only in the intervertebral 

spaces, and does not form a continuous 

thread. The arches are firmly fused 

with the centrum, and on the anterior 

margin of the upper arches there 

usually projects a short process 

(zygapophysis), which overlaps a 

similar posterior process of the centrum 

, on each side, and thus strengthens the 

union of contiguous vertebrae (Fig. 1 7). 

In the hinder or caudal region the lower 

P,„ lu arches form a ventral spinous process 

veTi«brHfnnntii«>bdauiiiuar(>itioDqfthrmiirg«>d (Fig- H) ; in the anterior OF abdominal 

i^TBt'"<^CV^i^':1^';wt^""NS™ '■egion the lower arches project as short 

ehord;/,NflrMfg™inin»;*a,Hiffln»i«rch™i (,iBtor- parapophvaes, and scrve as supports 

cnUrj pieces; m. Ncunl (atml ; n, Nimnl awha; t X l, -^ m 

p, Tmniv-™ proTfflSM {pmiij»phy«,) ; r, Bita; i, tor the movable ribs. True transverse 
iJlrt'wV '"^''"'"'- "'■ ^""*^ """"'" "^' "■ processes (diapophyses, processus trans- 
versi), to which the ribs are attached in 
the higher Vertebrata, and which arise from the upper arches, occur only 
exceptionally {Polyptei-as, Pleuronedes) besides the parapophyses. In the 
Cyclostomi and Chimaeras ribs are entirely absent ; in 
the Selachii and cartilaginous ganoids they are usually ^ 

feebly developed or rudimentary. The riba of the two 
sides are never united 
with each other at the 
ventral border either 
directly or through the 
intervention of a 
sternum. The inier- 
muscitlar hones, which 
arise in the membrane 
between the muscle 
plates, must not be 
confounded with ribs ; 
they are delicate bony 
filaments, often forked 
at one end, which are 
disposed between the i^,„,,| ,.prt*bnie 
muscles, and rest on vnrwbrap. o, ott* 
the vertebral centra, „. Neumi arehes ; «] 
arches, or ribs. 

The number of the vertebrae in 
different groups. In certain bony fial 
while in others there are 70 to 80, in the 
350 to 400. 

The hinder end of the vertebral column in the embryonic stage of all 
fishes is flipki/rrrml or Mernreecal. In the first condition the vertebral column 




, cAipfly 



liul lonnitaillDal » 



(hes varies moat remarkably in the 
{Oflracion) only 15 are to be counted, 
many sharks from 
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ext«nds in a straight line to the end of the trunk, and is symmetrically 
fringed above and below with the caudal fin. The Cycloatomi, Dipnoi, and 
many Crossopterygii (Fig. 18) remain in this embryonic stage throughout life. 
In the heterocercal fishes (sharks, rays, many ganoids) the end «f the vertebral 



l>iph>ciTC«l«iidiil Bnof/WjKilTmMi-^ir.Bniiip. Ueemit. Bilrially hihI Inlern»lly hcteroMrcBl phuiIiI 
•■», Hinder eoi) ot vrrUbral column (ifl*r KSlllker). Hn of the Btuigeou (^rtjunjer). 

column is bent upwards, and completely passes into the upper lobe of the 
caudal fin, which is usually elongated, and exceeds the lower lobe in size (Fig. 
19). Between the diphycercal and heterocercal types of tail there are many 
gradations. In the hetero-diphy cereal tail the vertebral column is elongated 
in a gentle upward curve at its hinder end, and fringed above and below with 



u at ANiia. BiteniHlly liDiiiocfml (iit«Ktirnufl) cauiU[ hii nf thi 

I of the »r- Salmoti ISbIku. Mlarj. n, b, .', Upioir mnring l>oiirr< of 

fin rays ; but the rays of the upper lobe are much less developed than those 
of the lower lobe. Sometimes also the external caudal fin consists of two 
similar lobes, while the vertebral column is bent upwards, and extends far 
into the upper lobe (Fig. 20). Such fins are externally homocercal, internally 
heterocercal. In the hemi-heterocercal tail the upper lobe of the externally 
symmetrical caudal fin is still partly or completely covered with iscales. 
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In all cycloid and ctenoid fishes the caudal fin is externally and internally 
homocercal (Fig. 21). The vertebral column terminates in front of the fin 
with a vertebra bearing a broad, vertical, fan-shaped plate (hypural), which is 
formed by the fusion of several tin supports and haemapophyses. This 
terminal plate generally encloses a short, upwardly directed remnant of the 
notochord or a bony style (urostyle). There is thus an internal heterocercy 
as the basis of the homocercal tail. 

Nearly all Palaeozoic fishes have a diphycercal or heterocercal tail ; bemi- 
heterocercal forms begin with Acentroplwrus in the Upper Permian, and are 
common in the Triassic and Jurassic, The Cretaceous, Tertiary, and Recent 
bony fishes, when adult, exhibit a homocercal tail ; but in their immature 
condition there is always a diphycercal or heterocercal stage. 

Skull. — The head forms the anterior end of the vertebral axis,and its skeleton 
exhibits a greater complexity in fishes than in the higher Vertebrates. Excejit 



iDiirii, Riiua. Recent. fiA, Riyi of ths hyold arch ; C^, Cento- 

, . , _.^.._. , __ . Jindormoiit topalii of the branchial irchcH; EHr, Bplbranchtal : 

^...,„......oicUl region: Hv, Iljroid arch : HBr, Hyobpanchtal : jr«rW, HyonwndlbUw ; f,, 1'. ?,', Anterior (pr*. 

niailllary). poatariorOnaiUlaryXaiui inferior(pri'nian<Iibu1ar) labial aulLlaiii'ii ; Ud, lAWfrtew or mandible ;0<c, 
OocipiMl renlon ; /-o, Poatorbiul procf m ■ /^, PaUtonuaJraW. //M'//, Branchial in-be«(afl«rG»«fnhaur). 

in Ampkioxax, the brain is enclosed in a cartilaginous or bony capsule, the skull 
or cranium, which also contains the organs of bearing, sight, and smell. With 
the skull are connected a large number of paired cartilaginous or bony pieces, 
which together form the so-called visceral skeleton. 

The embryonic primordial cranium of all Vertebrates is cartilaginous, and 
is developed like the vertebral column round the notochord, which always 
extends far into the base of the skull. 

Among the Selachii (Fig. 22) the whole cranial skeleton is cartilaginous, 
and only exceptionally hardened by the deposition of phosphate of lime 
(Ichthyotomi). The long cranial capsule does not exhibit any sutures, and 
comprises in its anterior part (ethmoidal region) the olfactory nerves, in the 
middle (orbital region) the optic nerves and eyes, in the hinder part the 
organs of hearing and the hemispheres of the cerebrum and cerebellum. The 
visceral skeleton consists of a number of variously shaped cartilaginous arches, 
of which the foremost (palatoquiidrate) surrounds the cleft of the mouth, and 
is characterised by its relatively large size. The two movable branches of 
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the lower jaw are articulated with the palatoquadrate. Two amall labial 
cartilages, sometimes termed maxilla and premaxilla, occur on each aide in 
front of and below the palatoquadrate. The latter element is connected 
with the skull in the ethmoidal region by ligament, and in the hinder portion 
by the second visceral arch, of which the upper portion (hyomandibular) is in 
contact with the auditory region of the ekull, while the lower portion forms 
the hyoid arch. The palatoquadrate and mandible are provided with teeth. 
Behind the hyoid arch there follow five (rarely Beven) other visceral archcii, 
which serve for the support of the respiratory organs, are composed of several 
pieces, and united ventrally by median intercalary pieces (copulae). Both the 
gill arches and the hyoid bear cartilaginous gill rays. In the Holocephali the 
palatoquadrate and hyomandibular fuse together and with the cranial capsule. 
The .jD audible thus becomes autostylic, i.e. articulates directly with the 
cranium. 

In the cartilaginous ganoids {Adpenser, Spatularia), bony elements begin 
to take part in the formation of the head. The cranial capsule, indeed, 
remains for the most part cartilaginous ; but externally there are a number 
of bony plates, which cover the cranium on the top and sides, and there 
is also developed below the base of the skull a long, delicate, dermal bone 
(parasphenoid), which extends forwards to the ethmoidal region and backwards 
even beyond the occiput. The palatoquadrate, hyomandibular, and mandible 
are also covered with bone ; and the fold of skin covering the gill clefts is 
likewise ossified as a single gill cover (operculum). The palatoquadrate 
and hyomandibular form the freely movable (hyostylic) supports of the 
mandible. 

The Dipnoi resemble the cartilaginous ganoids, except that in them the 
palatoquadrate and hyomandibular are fused with the cranium (autostylic). 

In the scaly ganoids and bony fishes a more or leas complete ossification of 
the cranial capsule and visceral 
skeleton occurs. The ossifica- 
tion begins first, as in the carti- 
laginous ganoids, with dermal 
bones, and then the substitution 
of bony substance for cartilage 
follows. The distinction between 
dermal bones and ossified carti- 
lage (cartilage bones) can, how- 
ever, only be made by determin- 
ing their, mode of development. 

In the cranium proper (Fig. ^^.^^ ^, ^, ^^^ ^^^J^^'. ,nr,*,. i.inn.). m^, au- 

23) three regions are dlStin- sphenoid ; iWl, SMioMfiitUI; K-VA,Ba»lspliBqiii.L;f;)..Bi>lotic; 
guishable the occipital portion, Opo, Oplrthodc ; (W;A. OrWH»plMiiol.l ; />/. PretronUl ; Pr«, 

the auditory, and the orbito- ^^i^^l^i''^^'^^^^''"-^''^"^^^''^'-'"'^'^""^^'' 
ethmoidal regions. The hinder- 
most or occipital region consists of four cartilage bones: — (1) The lower 
occipital bone (occipitale basilare, basioccipital), which usually contains ii 
persistent remnant of the notochord, and is in contact with the vertebral 
column with its deeply hollowed hinder end ; (2, 3) a right and left lateral 
occipital (occipitalia lateralia, exoccipitals), which bound the greater part of 
the foramen magnum ; and (4) an upper occipiul (occipitale superius, supra- 
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occipital), which belongs to the cranial roof, often thrust between the parietal 
boneB, and provided with a. vertical median crest. 

The auditory capsules are surrounded laterally by several pairs of bonea 
often completely covered by the facial and other membrane bones. Among 
them are distinguished immediately in front of the exoccipitals the opisthotlc 
(OpO), the epiotic (EpO), adjoining the latter in its hinder upper part, and 
the prootic {PrO), which is usually pierced by the trigeminal nerve. With 
these bones, which form the auditory capsule proper, there is connected a 
bony plate on each side above and in front of the opisthotic, which originates 
partly from membrane, partly from cartilage, and is named the squamosal 
{S(]) or pterotic (W. K. Parker); the mandibular suspensorium {hyoman- 
dibular) articulates with its lower face. 

The lateral investment of the middle orbital region of the skull, which 
sometimes remains cartilaginous or membranous, and is sometimes more or 
less completely ossified, consists externally of facial bones. Two pairs of 
bones can be distinguished here, posteriorly the alisphenoid placed just in 
front of the proiitic, and anteriorly the orbitosphenoid ; both pairs, but 
especially the orbitosphenoids, often fuse together completely in the middle 

line. The base of the skull 
A Ft Pu n.o is formed bya large dermal 

bone, the long, sword- 
shaped parasphenoid, 
which abuts behind on the 
baei occipital, in front on 
the vomer. 

The roof of the two 
hinder regions of the skull 
only rarely arises in carti- 
I lags; it usually consists 
of membrane bones, which 
are intimately connected 
with the cartilage ele- 
ments. There are thus 
intercalated between the 
supraoccipital and the ■ 
squamosals two parietal 

Craiilal Bke1«taii or Oiu Suliuon Thf iieralfltent airtiln^e nf the followed in frOUt by the 

™titiSU™.'^r£;S"g,r"A"»n;riSi"!": <■■"> '""'»' '■»»«'. »'>«'' 

htidi K.Hii,HmiBkiinl:HU,ltv"mai<dilnaar,Kip,Inla'lpenuiam-,Jn, large Simple plate. tiV 
SUiUtalN*. N-iuil ; Op, Uiinvuluiu ; Pi, Farjntd ; Pmi. Pwniexill* ; ''''« 8"'" °^ ''1^ latter ana 

FOp, Fnoimmiiuni : Fi, Pafaiinr: 11.0. nrnntr (wrninaimnrmi): «", jn front of the Squamosal 

QtUHtFftlf; S.O.fltiprii'rciiti'ifi ; Hb.Or, HuborblUiH; SOp, Suboperculutn ; ^ 



piuirfjnti-.- .S.O.i'Bpm'-Tipi'nJ : Mb.Or.BoborbltalH; 80p,8iibo|«reuliiu. , i " , , 

Mor, siipraorwui : .%. Sm'/i^i'"- (nfwr pirker). there occurs the postfrontal 

(sphenotic, W. K. Parker), 
which belongs to the membrane series in the Ganoids, but is a cartilage bone 
in the Tcleosteans. There is also occasionally a small supraorbital above the 

The anterior ethmoidal region possesses as its base the vomer (Fo) or 
ploughshare bone, which also forms the anterior part of the roof of the hard 
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palate. From the vomer on either side there slupes upwards and outvrards a 
prefrontal bone (ethmoidale lateraie, W, K. Parker), which ia connected above 
with the frontal and with the ethmoid (Eth), which surrounds the nasal 
capsule above, in front, and partly at the side. One or more small ossifica- 
tiona above each nasal opening, which are sometimes fixed to the outer face of 
the ethmoid, are termed nasal bones or nasalia (Na). 

To the visceral skeleton (Figs. 24, 25) belong the jaw apparatus, the 
facial bones, and the gill arches. The hyomandibular is in close connection 
with the hinder part of the palatoquadrat«. Thus arises the so-called 
suspensorium, which, as support of the mandible, is movably connected by 
ligaments with the akull. The quadrate articulates below with the mandible, 
and is firmly fixed above with the symplectic which occurs at the lower end of 
the hyomandibular. From the quadrate there extends forwards the angularly 
bent ectopterygoid, upwards the metapterygoid, and again forwards the meso- 
pterygoid, of which the anterior end 

is connected with the palatine. The """' 

latter ia fixed by cartilaginous liga- 
ments at its anterior border to the j;,,^ 
vomer and the ethmoidal region. 

In front of the palatine on each 
side there occur two pairs of rather Co 

large bones, which are usually pro- 
vided with teeth. The anterior of 
these, the premaxilla or intermaxilla, 
meets its fellow of the opposite side in 
a symphysis in front of the ethmoid 
region. The hinder bone, or maxilla, 
is sometimes connected with the quad- 
rate through the intervention of a 
slender jugal or supra maxillary. 

The lower jaw (mandibula) consists 
of the articular, a postero- inferior 

aneular, which often remains carti- fm-a*. 

laginous, and the large prmcipal piece Perch (i>«™ jf«™Hii., Linn.). BtR, Bnochtwi^tni 
or dentary (dentale), which usually ?ij;;|;;SXl."°itf'J"H^«h7ni?}«^^^^^^ 
bears teeth. On the inner aide there ''*»>' Upper phurVngeii bonw; uiin. Cruhyai; h,' 
IS also a membrane bone, the splenial 

(or operculare), which not unfrequently bears teeth, and sometimes (as in the 
Crossopterygii) consists of two or more bony pieces. 

Several opercular bones arising from a fold of skin attain a remarkably 
great development both in the Ganoidei and Teleostei. The foremost, or 
preoperculum, ia usually a rather long, slender, slightly arched, bony plate, 
which ia connected above with the hyomandibular, below with the quadrate. 
Behind this there is an operculum, usually of relatively large size, bounded 
below by a euboperculum, often also by an interoperculum, which is connected 
with the hinder end of the mandible. 

A variable number of small dermal bones or suborbitals (suborbitalia) 
form the arched posterior and inferior margin of the orbit. The supraorbital 
(SQr) above and the lachrymal (L) in front are small dermal bones, which are 
in close connection with the cranium, but are only rarely developed. 
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The gill apparatus (Fig. 25) of the Ganoidei and Teleostei does not differ 
essentially from that of the Selachii, except that the gill rays supported by 
the hyomandibular in the latter are replaced here by opercular plates, while 
behind the hyoid there are never more than five (rarely four) bony arches, 
and the branchiostegal rays of the hyoid arch become robust bony pieces or 
plates. The hyoid is subdivided into an upper epihyal, a middle ceratohyal, 
and a small hypohyal (basihyal) consisting of two pieces ; the median 
connecting piece (copula) is extended more or less forwards into the tongue as 
a glossohyal, and is sometimes covered with teeth, sometimes toothless ; a 
second segment of bone belonging to the copula, directed backwards, is named 
urohyal. The gill branches (branchialia) also consist each of three pieces (epi-, 
cerato-, and hypo-branchiale), connected in the median line with copulae, and 
beset throughout their entire length with delicate cartilaginous rays, some- 
times also on their inner side with tooth-like prominences or spines. With 
the epibranchials are also connected the short upper pharyngeal bones, which 
often bear teeth. The last branchial arch is usually more or less modified, 
and forms the lower pharyngeal bones. 

The limbs of fishes comprise not only the paired, but also the unpaired fins, 
since both function as organs of locomotion. While, however, the latter are 
exclusively dermal structures, the paired fins belong at least in part to the 
internal skeleton, and correspond with the extremities of the higher Vertebrata, 
the pectoral fins with the anterior, the pelvic or ventral fins with the posterior 
limbs. 

Both the pectoral and pelvic fins are connected with originally cartilaginous 
arches (pectoral and pelvic girdles), which may become ossified and covered 
with bony plates in variable number. They are entirely absent only in 
Amphioxus and the Cyclostomi. Except in the Selachii, the pectoral girdle is 
usually fixed to the supraoccipital or squamosal bone. In the Selachii (Fig. 
28, ^) it forms a simple arch of cartilage, ventrally closed, situated behind the 
gills, its upper ends either terminating freely (sharks) or connected with the 
vertebral column (rays) ; it is bent upwards at the insertion for the fins, and 
pierced by nerve foramina. In many Ganoids (Chondrostei, Heterocerci, 
Crossopterygii) the primary cartilaginous pectoral girdle, divided into two 
pieces by a ventral suture, is covered on each side by three membrane bones, 
of which the median and largest is termed clavicula, the lower one infra- 
clavicula, the upper one supraclavicula. The latter is sometimes divided into 
two pieces, of which the upper is named post-temporal. In the other Ganoids 
and the Teleosteans the primary pectoral girdle is entirely replaced by ossifica- 
tion. The girdle is here formed of two bones united by jagged suture on the 
postero-internal face of the very large clavicle, the hinder element homologous 
with the scapula, the antero-anterior element with the coracoid. In several 
families there is also a third, slender, arched bar (Spangenstilck or precoracoid), 
extending downwards and inwards to the lower end of the clavicle. 

The clavicle is always the principal bone of the pectoral girdle in the 
Teleostei, and its size and form vary remarkably. A supraclavicle and a 
post-temporal (Ft) rest on its upper end ; while an ordinarily slender acces- 
sory dermal bone, the post-clavicle, overlaps it behind. 

The pectoral fins themselves can only be homologised in part and with 
difficulty with the anterior extremities of the higher Vertebrata. If we 
accept, with Gegenbaur, the biserial fin of Cerafodus (Fig. 26) as the basal 
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type most closely approaching the primitive fin (archipterygium), we observe, 

fixed to the mainly cartilaginous pectoral girdle, two large pieces of cartilage, 

followed by a long row of smaller 

cylindrical or square segments, from „,.-^^^^^\^>~^,^ < /Tl 

which cartilaginous rays diverge on ■^2I^'^^^^^^^^>^ " Jj 

each side. The extinct Selachian genus ^ -• 

I'lfUToeanthus also possessed a central 

axis in the pectoral fin ; but in all the 

other Selachii the cartilaginous rays p«:torai tin of it™(,»/m/on(frt. Kwtn. Hecem; 

are in one series. In the latter there ^^r"'""'' "■ ''™' ""■''*»•■''>'■■'"■ ^'^ •''■'^""i 

are three large adjacent basal cartilages, 

the promeso-, and metapterygium, connected with the pectoral girdle, and 

each bears several rays consisting of pieces of cartilage (Fig. 37). The 
metapterygium is always the stoutest ; the two others are 
often much reduced or may even be completely absent. The 
dermal part of the fin is itself always supported by numerous 
horny filaments in imirs. 

In tbe Ganoidei, and still more in the Teleostei, the 
r segments radiating from the basal pieces are extremely 

degenerate. PoUjplerus (Fig. 28, B) retains the three basal 
pieces of the Selachii, but in most of the other Ganoids the 
,flietApterygium forms almost the sole support for the fin — 
the meso- and propterygium are atrophied. Two or three 
raya, however, enter the same row as the basal pieces and 
Ki.i. ;r, are connected with the shoulder girdle. 

ji»!r ™^rtl "'wmo ^" '^® same manner the base of the pectoral tin in the 

wiihimifrdei™!niy» Teleostei (Fig. 28, C) consists almost invariably of four to 

\.i 'ryKiuin ; mi, Mela- five similar, flattened, bony pieces, with which a varying 

piriKiuBiTr.' &dto\^ number of short little cartilages are connected. In propor- 
tion as the peripheral parts of the primary fin skeleton 

'legenerate, ossified fin rays are developed as secondary structures on each 

side of the dermal fin expansion. 

The so-called pelvic girdle of the hinder extremity is considerably simpler 

than the pectoral girdle. Among the Selachii it appears as a paired or un- 




,rf. Po-tcUTlcI* ; M, PMl-Wii-poml ; r. n.ul ™yH (endo-k..letsl) ; V, Suiiiill.. ; J. MurrMlnVfelp. 

|iaire<l rod pierced by nerve foramina, either lying in the longitudinal axis of 
the body or forming an arch, convex in front, concave behind. To this girdle 
are attached the two basal pieces (pro- and metapterygium) of the pelvic fin, 
which bear a single series of airtilaginous rays on their outer side. Among 
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the Ganoids Folypteius alone retains two small pieces of cartilage as remnants 
of a pelvic girdle ; in all other ganoids, as well as in the Teleostei, the pelvic 
girdle is completely wanting, but the metapterygium of each side attains a 
remarkable size, and forms the whole fin support, sometimes as a simple 
elongated bone, sometimes as a plate forking into two pieces. In the Ganoidei 
the rays belonging to the fin skeleton are occasionally bony ; in the Teleostei, 
on the other hand, they are usually cartilaginous, much reduced, sometimes 
indeed completely absent. The membrane of the fin itself comprises numer- 
ous articulated bony rays. In the Dipnoi the pelvic girdle exhibits a 
peculiar development. It consists of an unpaired, quadrangular plate of 
cartilage, which is produced forwards into a long process, and supports the 
cartilaginous axis of the biserial fin. 

While the pelvic fins of the Selachii, Ganoidei, and Dipnoi are always 
situated near the hinder end of the abdominal cavity, they are often displaced 
forwards in the Teleostei, becoming even connected with the pectoral girdle. 
Through this forward displacement of the pelvic fins there arise striking 
modifications in the general aspect of the bony fishes, which are of great 
importance as a means of classification. 

The fossil bones of fishes can generally be recognised with certainty by 
their external form. Their outer surface usually exhibits a characteristic 

^ aspect, on account of numerous small rugosities, open- 

ings of canals, and striations ; while tubular bones with 
a medullary cavity are here entirely wanting. From 
the histological point of view, the bones of many fishes 
are noteworthy for the absence or very sparse develop- 
^''*' *^^- ment of bone cells. 

Ear bones (otoliths) of a r\ ^^ y a yit /r\- cmw i 

Teieostean flsh, outer (^x and Fossil Car boues or otoltths {rig. 29) are also some- 
utwoS: T^.^'size^"^'^""'" *' times found with the hard dermal structures and the 

skeleton. These do not consist of phosphate, but of 
carbonate of lime, and exhibit great variety in their shape, the sculpturing of 
their surface, and the nature of their borders. 

Since the work of Aristotle, the classification of fishes has been based 
chiefly on the characters of the internal and external skeleton, on the nature 
and arrangement of the fins, and on the organs of respiration. Artedi, 
Bonaparte, Lac^pede, Cuvier, and Valenciennes distinguished the cartilagin- 
ous fishes from those provided with a bony skeleton, and again subdivided 
both sections in diff'erent ways into several groups. In this classification no 
reference was made to fossil fishes, although sharks' teeth, for example, teeth 
of various bony fishes (the so-called bufonites, chelonites, toad-stones, and 
snakes' eyes), and also complete skeletons from different localities (e,Q, 
Eisleben, Solenhofen, Oeningen, Monte Bolca, and Glarus) were already 
known in the eighteenth century and numbers of them had been described. 
The epoch-making work of L. Agassiz (1833-1844) afforded a complete survey 
of all the fossil fishes known at the time, and also established on scale 
characters a new subdivision of the fishes into four principal groups, namely, 
Placoidei, Gaiwidei, Cydoidei^ and Ctenoidei, Johannes Miiller united the two 
latter groups under the denomination of Teleostei (bony fishes), defined the 
ganoids more precisely, and subdivided the cartilaginous fishes into four 
sub- classes, namely, Leptocardii, Cydostomi, Sdadiii, and Dipnoi. The most 
important of the later changes in classification consist in the establishment 
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of the Lepiocardii (Amphioxm) and Cydoslomi (lampreys and hag-fishes) as 

independent classes equivalent to that of the fishes, 

and in the closer union of the ganoids and bony fishes, 

which are frequently grouped under the common 

denomination of Teleostomi. The class of fishes in its 

restricted sense thus comprises the four still-existing 

sub-classes of Selachii, Dipnoi, Ganoidei, and Teleostei ; 

while to these must be added the extinct sub-classes 

of Ostracodermi (or Ostracophori) and Arthrodira, which 

are restricted to the Palaeozoic. 

No fossil remains of Leptocardii are known. It 
must also be remarked that there is no satisfactory 
evidence of extinct representatives of the Cydosiomi 
or Marsipobranchii. Certain annelid jaws from the 
Palaeozoic formations, known as Conodonts, were once 
erroneously supposed to be teeth of this class (see vol. i. 
p. 255). The problematical organism from the Old 
Ked Sandstone of Achanarras, Caithness, named Palaeo- 
spandylus gunni ^ by Traquair (Fig. 30), is likewise very 
doubtfully placed here. The largest specimens of this 
form do not exceed 0*05 m. in length. The skull 
terminates in front in a ring of calcified cirri (fl?.c, l.c, 
v,c\ which surround a large bilaterally symmetrical 
orifice (»). Behind the skull there extends backwards 

a pair of elongated cartilages (x), usually lying in the paiaeos^^dyiu. gunm, Tn.- 
fossil parallel with the vertebral column. There are q"***". Lower ow Red sanu- 

, -, ^ . •ai/« f -t !• •.! stone; CaithneKB. a, Separat** 

vertebral centra m the form of broad rings ; m the suiaii lobe ; b. Anterior depres- 
abdominal region these bear short and stout neural tZZuort^^l^{'d^'X^'\ 
spines, but no ribs : in the caudal region the neural *=^"^i '•*■• Lateral cirri ; «, sup- 

*^' . ' t-iij. posed narial opening ; p.a, Para- 

and haemal spines are very slender, while the former chonjai portion of skuii; t.p, 

1 a"u aU 1 Ai. J J* i.* A.^ J* L i • Trabeculo - palatine portion of 

are longer than the latter and distinctly dichotomise gkuii ; r.r, veiitrai cin^i ; x, Pro- 
at the distal end. There is no undoubted evidence of v^'JaJ^rxJ^tqua'^r*''**^ ^^^^ 
paired limbs. 

Sub-Olass 1. SELAOHII. Ouvier. 

(Ela^nwbranchii, Bonap. ; Chondroptenjgii, Giinther; Flacoidei, Ag.) 

Eiuioskeleton caitilaginous ; exoskeleton, wlien present, structurally identical 
vnth the teeth (placaid scales). Usually Jive {rarely six or seven) pairs of I/ranchial 
arches, the clefts exposed or covered only by a flap of skin, without operculum. In 
the living forms — optic nerves not decussating but forming a chiasmal ; bulbus 
arteriosus of the heart with two, three or more series of valves ; air-bladder absent ; 
intestim with a spiral valve ; ovaries with few large ova. 

The unsegmented cartilaginous cranium of the Selachii is more or less 
imperfectly hardened with polygonal granules of phosphate of lime ; but the 
vertebrae are very variously calcified, can thus be readily preserved in a fossil 
state, and, according to Hasse, display features of special importance for the 

* iJcatu B.^ The Devouiau "Lamprey" Palaeospondylu8 gunni, Traquair (Mem. N.Y. Acad. Sci. 
voL n. pt. 1), 1900. Bibliograpliy. — Traquai/j R. H.y A still further contribution to our knowledge 
of Palaeospondylus (Proc. Roy. Phys. Soc. Edinb. vol. XII.), 1894. 

VOL. II <• 
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purposes of clasBification. In the sharks and skates the pterygoquadrate 
cartilage of the upper jaw is movably suspended from the cranium, and the 
vertebral axis is often distinctly segmented; in the Chimaeroida (Holocephaii) 
the upper jaw is fused with the cranium and the mandible articulates directly 
with this, while the uotochord remains uueegmented, so that the vert«brao 
are always indicated only by the arches. 

Among the sharks (Plagioslomi) the Notidanidae exhibit the most 
primitive vertebral axis (Fig. 31). Here regularly spaced thickenings of the 
notochordal sheath constrict the chord itself and form divisions pierced 
through the middle {Diplospmtdyli). The term Cyclospcndyli is applied by 
Hasse to those vertebrae in which a calcified ring appears uniting the 




LoD^tudlul aectloD < 



Ipt«rv«nebnl spue; ir. Vert^bnf 
erHuH). 



ordinarily calcified anterior and posterior borders of the primitive constricted 
centrum (Fig. 33, A). When additional calciGed lamellae concentric with the 
first are developed in the intravertebral space, the Tectospondyli (Figs. 32, 33, B) 
are recognised ; when, on the other hand, calcified plates or ridges radiate 

from the centre to 
the periphery, the 
vertebrae are 
. termed asterospon- 
dylic,and thegroup 
AsUTospondyli (Fig, 
33, C). 

With the verte- 
brae there occur 
most abundantly 
in the fossil state 
teeth, fin spines, 
and occasionally 
fX-ti^i" dermal plates. 
,n*nia; H, Sharks' teeth are 
among the fossils 

which have been longest known, and are frequently mentioned in the older 
writings under the names of glossopetrae, birds' tongues, and snakes' tongues. 
The form of the teeth is very variable, often sharply pointed with cutting edges, 
single- or many-cusped, but frequently also pavement-like, with a flattened, 
bluntly conical crown. They consist essentially of vasodentine, dentine, and 
structureless enamel (ganodentine). Except perhaps in some extinct Acan- 
thodii, they are always fixed by ligament, never fused with the supporting jaw. 



middle of ScUchlMi verubne ot 



eydaet'OHdiiHc {A), Uclorptmliilic (if), HfiiL nxl€tv4pontt!fllc (C) tyiM-i. 
DOtoc^ord: D, Centnl calcm«l riiiE or double cone; &, Bbistis 
Hunul UTh ; N, N'eunI irch (sft« Sims). 
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Order 1. PLBUROPTBRYail. Dean.' 

EndoskeUton well calcified. Notochord apparently not segmented. Pterygo- 
quadrate arcade movably articulated with the cranium. Orbit surrounded with a 
ring of thin plates of dentine. Paired fins supported by unjointed, parallel radial 
cartilages^ which may he partly fused at the base, but extend directly outwards to the 
edge of the fin membrane. Pelvic fins of male without claspers. 

According to Bashford Dean and Smith Woodward, the Pleuropterygii 
include the most primitive known representatives of the Selachii. Their 
vertebral axis seems to have remained unsegmented, and in the typical genus 
Cladoselache, the tail is strongly heterocercal. Their teeth are of the form 
commonly known as Cladodus (Fig. 35) in the Carboniferous formations, and 
several series must have been functional at one and the same time. 

Cladoselachey Dean (Fig. 34). The only well-defined genus hitherto dis- 
covered. The form is elongated and round-bodied, with a short blunt snout and 





Fio. 34. 

RefltonUon of Oadoselache newberryi. Dean. Cleveland Shale (Upper Devonian) ; Ohio. An anterior 
dorsal fin has been discovered sinue this illustration was made (after Dean). 

forwardly placed eye. Circumorbital ring consisting of several series of thin, 

irregularly quadrangular small plates. Mouth terminal, and hyomandibular 

cartilage slender. Teeth largest, longest, and most acutely pointed at the 

symphysis of the jaw, smallest and shortest at the angle 

of the mouth. Each tooth with one principal cusp and a 

variable number of lateral cusps, fixed on the anterior 

border of a horizontally expanded base ; the base of each 

tooth overlapped by its successor behind. Paired fins 

lappet-like, the pelvic pair with somewhat extended base 

line. Two low dorsal fins, without spine. Anal fin not fio. 85. 

yet observed. A short dermal expansion forming a aadodu$ striatus, Ag. 

1. ^ t t 1 i_ 'J i?Ai_ ji j«i»^« Tooth, natural size. Car- 

horizontal keel on each side of the caudal pedicle just in boniferous Limestone; 
advance of the strongly heterocercal caudal fin. Skin more ^i^**' ^™^'*^ ^^^^ 
or less armoured with minute lozenge -shaped denticles, 
which are apparently not enamelled. C. kepleri, C. fyleri, and other species 
sometimes two metres in length, from the Cleveland Shale of Ohio. 

The teeth termed Cladodus (Fig. 35) occur isolated in the Lower Carboni- 
ferous of England, Scotland, Ireland, Belgium, Russia, India, and North 
America. They are also recorded from the Upper Carboniferous both of 
Europe and North America, b\it it is difficult to distinguish them from those of 
the genus SphencbcarUhus (p. 27). It is possible, however, that these teeth do 

* Dean^ Ba8f\fordj Contributions to the Morpholog>' of CUuiosdache (Jouru. Morphol. vol. IX.), 
1894.--A new Cladodont from the Ohio Waverly (Trans. New York Acad. Sci. vol. XIII.), 1894. 
—The Finfold Origin of the Paired Limbs (Anat Anz. vol. XI. No. 22), 1896. 
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not all belong to the Pleuropterygii. Cladodus neilsoni, from the Calciferous 
Sandstones of East Kilbride, Lanarkshire, is known by the imperfect head 
associated with a very remarkable pair of pectoral fins (Traquair, Trans. Geol. 
Soc.y Glasgow, vol. xi. 1897, p. 41). 

The genera Dicentrodus, Traquair ; Phoehodus, Lambdodus, Uyhodadodus, St. 
John and Worthen ; Dicrenodus, Romanowsky {Carcharopsis, Ag. ; Fristicladodus, 
M*Coy), are founded on detached teeth, mostly from the Carboniferous Lime- 
stone, of uncertain affinities. Protodus, Smith Woodward, founded on teeth 
from the Lower Devonian of Canada and Scotland, may also be mentioned as 
a possible Pleuropterygiau. 



Order 2. ACANTHODIL 

Endoskeldon well calcified^ with dermal and membrane calcifications in the region 
of the skull and pectoral arch, Pterygoquadrate arcade movahly articulated with the 
cranium. Orbit surrounded with a ring of thin plates of dentine. Teeth, when 
present, firmly fixed to tlie calcified sheathing plates of the pterygoquadrate and 
mandibular cartilages. Endoskeletal cartilages of all the fins much reduced, and the 
dermal expansion almost or completely destitute of rays ; each of the fins except the 
caudal with a robust anterior spine implanted in the flesh. Pelvic fins of male 
without claspers. Dei-mal armature of trunk consisting of small, closely arranged, 
quadrate granules, which also extend over the greater portion of the fins ; lateral line 
passing between two series of tJie granules. 

Two families of this order are distinguished, the Acanthodidae with one 
dorsal fin, and the Diplacanthidae with two dorsal fins. These fishes were 
originally assigned to the Ganoidei by Agassiz, but their close relationships to 
the Selachii were observed by Liitken, Fritsch, and Huxley. While, however, 
they were arranged by Liitken and Fritsch among the Selachii, they were 
regarded by Huxley as intermediate between the Ganoidei and Selachii. 
Later researches by Traquair, Smith Woodward, and Reis seem to have 
justified the reference of the order to the Selachii. 

The Acanthodii comprise not only a number of more or less completely 
known genera from the Devonian, Carboniferous, and Permian formations, 
but also a few genera which are still represented only by isolated fin spines 
(Haplacanthus, Ag. ; Uonuicanthus, Ag. ; Gyracanthus, Ag. ; and Machaeracanthus, 
Newberry). The close resemblance between the spines of Climatius and the 
Ichthyodorulites named Onchus suggests that at least some of the latter, which 
range throughout the Upper Silurian and Lower Devonian, also belong to 
Acanthodians. 

Family 1. Aoajithodidae. Smith Wotidwaitl. 

A single dorsal fin. Free spines between paired fins usually absent, sometimes 
represented by one rudimentary pair. Lower Devonian to Lower Permian. 

* Fritschj A., Fauna der Gaskohle in Rihmeii, vol. II. Prague, 1889. — Huxley, T. H., Prelimi 
nary Essay ui>on the Systematic Arrangement of the Fishes of the Devonian Epoch (Mem. Geol 
Surv. dec. x. ), 1861. — Kner, R., Sitzungsb. k. Akad. Wiss. Wien, Math.-naturw. CI. vol. LVII. p 
290, 1868.— /^'<r/iV, y.. On the earliest known Vestiges of Vertebrate Life (Trans. I<Miub. Geol. Soc 
vol. IX.), 1869. — Hctemer, F.^ Ueber Acantlunhs ijiocilis (Zeitschr. deutsch. geol. Ges. vol. IX.). 1857 
■-Rei>\ O., Zur Kenntniss des Skelets der Acanthodinen ((»eogn. .Jahre,shefte, Miiuchen), 1890 and 
1894.- Tro/yw/r. R. If., Geol. Mag. 1888, p. 511, ami 1889, p. 17. 



Mesacanihus, Truquair (Fig. 36). A gracefully fusiform fish with Blender 
spines. Circumorbital ring of four plates. Pelvic fins not much smaller than 
the pectorals, about mid- 
way between theaa and 
the anal ; a pair of minute 
spines between the paired 
tina. Dorsal lin more or 
less opposed to the anal, 
but not in advance of it. 
Mesacanthas mitchelli, 
Egert. sp. (Fig. 36); M. 
l<eachi, Egert. sp. ; and 
M. puiiilus, Ac. sp., from ''"'■ ^ 

the Lower Uld Ked Sjand- Forf>r»hin>. KuU siw (uler EncitoD). 

stone of Scotland. M. 

'.is, Whiteaves sp., an equally small species from the Upper Devonian of 
Scaumenac Bay, Province of Quebec, Canada. 

Acanlhodes, Ag. (AcanOwesstis, Ag. ; Holacantkoilei; 
Beyr.; Tra^iiairia, Fritach), (Figs. 37, 38). A more 
elongated fish with similarly remote dorsal fin, but 
the pelvic fins relatively small and advanced forwards, 
the pectorals larger, and intermediate spines absent. 
Teeth minute or absent; circumorbital ring of four 
more or less sculptured plates. Pectoral fin spine 
supported by a hollow, mesially constricted element 
(Fig. 37, b), which abuts against the side of its proximal 
end ; a close series of short, fine dermal rays (r) some- 
times appearing below this in the fin membrane. Scales 
i smooth. Ranging throughout the Carboniferous in 
i Scotland, the Coal Measures in England and North 
' America, and the Lower Permian in France, Germany, 
r Bohemia, and Siberia. A. bronni, Ag., the typical 
species, about 0'3 m. in length, from the Rothliegende 
of Rhenish Prussia (Lebach and Saarbriicken), A. grarilis, Beyr. (Fig. 38), 
from Klein Neundorf, Silesia, 
probably identical with the 
latter. A. wardi, Egert., from 
Coal Measures, Longton, 
Stafi'ordshire. 

Cheir acanthus, Ag. Like 
Acaaihodes, but dorsal fin arising 
in advance of anal, and scales 
sculptured. C. murchisoni, Ag., 
and other species from Lower 
Old Red Sandstone, Scotland. *'"* ^ 

AcarUhodopSlS, Hancock and inner (J4as[>mU, much aulitKea. Lower Fenului ; Oemmuy. 

Atthey. Jaws with few large, 

laterally compressed, triangular teeth. A. wardi, H. and A., from Coal 

Measures of Northumberland and Midlothian. 




Faioilf 2. Dlplaoanthidae. Smith Woodwatd. 

Two dorsal fins. Free spines between paired fins conspicvous. Upper Silurian 
to Upper Devonian. 

Diplaeantkus, Ag. {Mhadinaeanthtts, Traquair). Trunk fusiform, probably 
not much laterally compressed. Teeth minute or absent ; orbit with ring of 
four circumorbital plates. Pectoral fins large, and a median pair of stout 
spines fixed between these to tbe well-developed basal supports ; a single pair 
of free spines between the pectoral and pelvic fins. D. strv^us', Ag., about 
O'l m. in length, and other species from the Lower Old Bed Sandstone of 
Scotland. D. horridw. Smith Woodward, from Upper Devonian, Scaumenac 
Bay, Canada. 

IschnacantkMS, Powrie (Iclinoceph^us, Page). Much resembling Diplacanthus, 
but the inner pectoral spines wanting, and the jaws provided with a powerful 
dentition. A few large, smooth, conical teeth alternating with minute cusps. 
Scales smooth. /. graeUis, Egert. sp., from Lower Old Red Sandstone, Turin 
Hill, Forfarshire. 

Climatius, Ag. (Brachyacanihus, Egert.), (Fig. 39). Trunk fusiform and 
laterally compressed. Teeth minute or absent; orbit with ring of four 
circumorbital plates. Fin spines remarkably broad and marked with coarse 

longitudinal ridges, 
sometimes with posterior 
denticles. Pectoral fins 
not much larger than 
the pelvic pair; three 
or four pairs of free 
spines, resembling tbe 
fin spines, between the 
P">-^»- paired fins. C. rrficM- 

CUnuUi^ ^,i»^, E«.rto«. ^,Lo-,M)IJ ^.j^a.,,d.t«n8 ; Forr.r.hi„.. (^^^ ^^^ ^J (; saitifffT, 

Egert. (Fig. 39), are 
known by nearly complete fishes from the Lower Old Red Sandstone of 
Forfarshire. Similar spines occur in the Passage Beds (Downtonian) of Here- 
fordshire, and in the Lower Devonian of Gampbellton, New Brunswick. 

EiUhacanthvs, Powrie. Essentially identical with Climaiius, but with 
narrower straight spines. Lower Old Red Sandstone, Forfarshire. 

Parexiis, Ag. Much resembling Climaiius, but the anterior dorsal spine 
enormously elongated and with large posterior denticles, P. iiu>iirvus, Ag., 
and P. falcaius, Powrie, from Lower Old Red Sandstone, Forfarshire. 



Order 3. ICHTHTOTOMI. Cop6.i 

{Prosdachii, Doderlein.) 

EiuioskeUlon well calcified, but no membrane calcifications. Pterygoquadrale arcade 
viovahly articulated with the craiiittm. Ko drcvmorbiial plates. Neural and haemal 

' Beyrich, K.. Jtonatsl.. Berlin Akad. 1848. pp. 24.33.— Brans wiort, C., Bull. Soc. Industrie 
Min. (SaiQt Blieiiiic), ser. 3, vol. II. livr, i, 1«88.— fo;jf, K. It., Proc. Amer. Pbil. Soc. 1684, p. 
672.— /m™, J. II'., On the fossil Fish-remainM of tho t'oal Measuren in tlie Britiih Inlands. I. 
PleunKtntbicUe (Trans. Roy. Dahlin Sue. ser. 2. voL XII.), 1889.— /«rfer/ein, i., Zool. Anwig. toI. 
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arches of vertebral axis long and slender, Pedoi'al fins with long, segmented axis 
from which smaller cartilages diverge on either side ; 'pelvic fins of male with appended 
dasper ; caudal fin diphy cereal. 



Family 1. Pleiiraocuithidae. Cope. 

Body slender, hut slightly depressed ; mouth terminal Teeth with two principal 
divergent cusps. Branchial arches provided with clusters of minute denticles. Dorsal 
fin elongate, low, continuous along the hack from a point shortly hehind the head ; 
slender fin supports more numerous than the neural spines. Lower Carboniferous 
probably to Upper Triassic. 

The Pleuracanthidae occur in the coal-bearing strata of the Carboniferous 
system and in the Lower Permian of Europe and North America. One 
species is also known by a nearly complete skeleton from the Hawkesbury 
Formation of New South Wales. For the isolated teeth of Pleuracanthus 
various generic names have been proposed, e.g. Diplodus, Ochlodus, Aganodus, 
Ptemodus, Triodus, Thrinacodus ; for isolated spines, the generic names Compsa- 




FiQ. 40. 
Restoration of PUuraoanthus gaudryi, Brongn. Coal Measures ; Commentry, Allier (after C. Brongniart). 

canihus, Orthacanthm, and Lophacanihus ; for the clustered denticles of the 
branchial arches, the name Stemm^atias (Stemmatodus). 

Pleuracanthus, Ag. (Xenacanthus, Beyrich ; ? DidyTnodus, Cope), (Figs. 40-43). 
Head broad, semicircular in front, and provided behind with a long, slender 
dermal spine, which is hollow, either rounded in section or antero-posteriorly 
compressed, and bears a double longitudinal series of recurved denticles (Fig. 
42). Teeth (Fig. 43) with two large divergent cusps fixed on a stout common 
base, and frequently a small third cusp between these. Five branchial clefts 
laterally placed in advance of the stout and broad^ arched pectoral girdle, of 
which the two halves are fused ventrally but separated dorsally. Pectoral 
fins large, articulated with the postero-inferior angle of the pectoral girdle, 
and consisting of a segmented axis fringed on either side by cartilaginous rays. 
Pelvic supports in the form of a pair of separate triangular cartilages ; basi- 

II. 1889» p. 123. — Fritach^ A.^ Fauna der Gaskohle, vol. II. l*ragne, lSSS'S9.—Gol(lfiLsSy A., Neues 
Jahrb. 1847, p. 404, and Beitrage zur vorweltlichen Fauna des Steinkohlengebirges, p. 23, pi. v. 
Figs. 9, 10. — Kner^ R., Sitzungsb. k. Akad. Wiss. Wien, math. -naturw. CI. vol. 651, 1867, p. 540, 
with 10 plates. — Koken^ A\, Sitzungsb. Ges. naturf. Freunde, Berlin, 1889, p. 77. 



pterygium of pelvic fins segmented, fringed on one side with a series of carti- 
laginous rays, and continued behind into the spine-shaped clasper in the male. 
Two email anal fins, directly supported by the haemal arches. Caudal fin 




separated both from the anals and from the dorsal. Skin probably destitute 
of shagreen. 

Complete skeletons are known from the Rothliegenden of Lebach, near 
Saarbrucken, in Rhenish Prussia, and of Braunau and Euppersdorf in Bohemia; 
from the Lower Permian Giis-Coal of Bohemia ; from the Coal Measures of 
Commentry in France {Fig. 40) ; and from the Lower Hawkesbury Formation 
of New South Wales, Complete skulls have been found in the Coal Measures 
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of Northumberland and in the Permian of Texas (Didymodus), Isolated 
teeth and spines are very abundant in the Carboniferous and Permian. 

Anodoniacanthus, Davis. Dorsal spines without denticles. Carboniferous; 
England and Scotland. 

Order 4. PLAGIOSTOMI. Dum^ril. Sharks and Rays.^ 

Endoskekian more or less calcified^ but no membrane calcifications, Plerygo- 
quadrate arcade morably articulated with the cranium, Vertebral axis segmented. 
Paired Jins with two or three short basal cartilages ; pelvic fins of mah with appended 
daspers. 

According to the condition of their vertebral column, the Plagiostomi 
have been divided by Hasse into the four sub-orders of Diplospondyli, Cyclo- 
spondyli, Asterospondyli, and Tectospondyli, 






Sub-Order A. DIPL0SP0ND7LI. Hasse. 

Notochord imperfectly segmented by vertical partitions. Gill clefts six or seven 
in number on each side. Teeth numerous, in several series. Upper Jurassic to 
Recent. 

Family 1. Notldanidae. 

Body fusiform, with a single unarmed dorsal and anal fin, and a large hdero- 
cercal caudal fin. Teeth uith two or more sharply-pointed cusps. Upper Jurassic 
to Recent. 

Notidanus, Cuv. (Eexanchus, Heptanchus, Miiller and Henle), (Figs. 44, 45). 
Principal teeth consisting 
of a series of compressed 
cusps fixed upon a long 
base; all the cusps in- 
clined in one direction, 
the anterior larger than 
the others, with or with- 
out small denticles at its 
base in front. Anterior 
teeth of the upper jaw 
clustered, awl-shaped ; a 
median symphysial series 
in the lower jaw. Prin- 
cipal teeth of the upper 
jaw less laterally elon- 
gated, with fewer cusps 
than those of the lower 
jaw. Range from Upper 
Jurassic to present day. 
N. muensteri, Ag., repre- 
sented by a complete 
skeleton from the Lithographic Stone (Lower Kimmeridgiaii) of Solenhofen, 

* Bonaparte y C. L., Selachonmi tabula aualytica (Mt^m. Soc. Sci. Xat. Neufchatel), 1839.-- 
IkirUy J, jr.. On the Fossil Fishes of the Carboniferous Limestone Series of (ireat Britain (Trans. 
Roy. Dublin Soc. «er. 2, vol. I.), 1883. — Hcusse^ C, Das natiirliche System der Elasmobranchier auf 









>^' 




Fio. 44. 



Dentition of the Recent Indian Grey 8hark, Sotidantis (Hepton<hu») 

indirus. 
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Bavaria, and K gracUiSy Davis, by a smaller skeleton from the Upper Cretaceous 

of Sahel Alma, Mount Lebanon. Detached teeth from 
the Oxford Clay of England and Corallian of Wiirtem- 
berg; from the Chalk of England {N, microdon, Ag.) 
and the Cretaceous of New Zealand (N, detUatus^ Sm. 
Woodw.) ; and numerous species from Tertiary forma- 
tions (e.g. N, primigenittSy Ag., Fig. 45). 
^°* *^; Chlamydoselache, Garman. Teeth with broad, back- 

Lower tooth. "oiigoJene"; wardly extended base, and the crown consisting of three 
NaturaUiie?**"* i>«^riMtadt. giender, curved, subconical cusps, which are separated 

by a pair of rudimentary denticles. Wide distribution 
in existing deep sea. Isolated teeth in Pliocene of Tuscany (C. latdeyi, 
Davis). 

Sub-Order B. C7CL0SP0ND7LI. Hasse. 

Vertebral centra in form of simple constricted cylinders pierced by the notochard. 
Teeth numerous^ triangular^ and acuminate, simple or with small lateral cusps. Bare 
in the fossil state ; Upper Cretaceous to Becent. 



Fio. 46. 

Vertebra (central double-cone) 
of Cenirophorus. Upper Cre- 
taceous ; Maastricht (after 
Hasse). 



Pio. 47. 



Probst. 



Family 1. Spinaoidae. M tiller and Henle. Spiny dog-fishes. 

Body fusiform to trihedral, somewhat depressed. Mouth gently arched ; snout 
obtuse. Gill clefts small, lateral ; spiracles large, behind the eye. Pectoral fins not 
notched at their origin and not produced forwards ; the two dorsal fins often armed 
with a spine ; anal fin absent. Upper Cretaceous to Recent. 

CentrophoTus, Miiller and Henle (Fig. 46). Dorsal fin spines present. 
Upper teeth erect, triangular, or narrow lanceolate, with a single cusp ; lower 

teeth triangular 

• /^ and compressed, 

J^^^i*k4^ OW ^ISBl with the apex 

I^^^Sl Siv ^SS3M much turned aside. 

J^^^^ ^^ ^^^ Upper Cretaceous, 

Fig. 48. Sahel Alma, Mount 

SnjTHnwf trianffulu^, LebaUOU (SvinOX 

■obst. Tooth, X 2. . -r*' ^ .\ 

Miocene (Molasse) ; pTtmaeVUS, PlCtCt). 

Baltriujren (after x>p^p„* 

Probst.) xieceni. 

Acanthias, Hisso 

{CeiUrophoroides, Davis), (Fig. 47). As Cenirophorus, but teeth in upper jaw 
as in lower jaw. Upper Cretaceous, Sahel Alma, Mount Lebanon {Centro- 
phoroides latidens, Davis). Tertiary {A. radicans, Probst) and Recent. 

Centrina, Cuv. Pliocene and Recent. 

Scymnus, Cuv. (Fig. 48). No dorsal fin spines. Upper teeth small, 
pointed ; lower teeth much larger, broad and compressed, triangular, erect or 
only slightly inclined laterally. Eocene to Recent. 

Echinorhinus, Blainv. {Goniodus, Ag.) Pliocene and Recent. 

Grundlage des Banes und der Entwickelung ihrer Wirbelsiiule. Jena, 1879, with Appendix, 1885. 
— MuUeVy /., and Uenk^ J., Systematische Beschreibung der Plagiostomen. Berlin, 1841. — Jaekel^ 
0., Die eocanen Selachier vom Monte Bolca. Berlin, 1894. — Noetlinffy F.^ Die Fauna des samlan- 
dischen Tertiars (Abhandl. geol. Specialk. Preassen, vol. VI. pt. 3), 1885. — Probst^ Beitrage zur 
Kenntniss der fossilen Fische aus der Molasse von Baltriiigen (Wiirttemb. naturw. Jahresh.), 1874, 
1877, 1878, and 1882. 



Acanthias radicans, 
Probst. Tooth, x 2. 
Miocene (Molasse); 
Baltringen, Wtirtem- 
berg (after Probst.) 
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Sub-Order C. A8TEB0SP0NDYLL Hasse. 

Vertebral centra when completely formed amphicoelouSj strengthened by secondary 
plates of calcified tissue whidt radiate outtoards from the excessively constricted 
primitive cylinder. Five gill clefts on each side. Two dorsal fins and one anal fin 
present. Lower Carboniferous to Recent. 




Fia. 49. 

Orodus raf)iora«, Ag. Carboniferous Limestone ; 
Armi^h (aft«r Da\i8). 1/2. 



Family 1. Oestraciontidae. Agaeeiz. 

Dorsal fins each armed with a spine. Teeth numerous, mostly obtuse, never fused 
into continuous plates ; several series simultaneously in function. Radiating plates of 
the vertebral centra few and short ; vertebral column not calcified in the earlier- forms. 
Lower Carboniferous to Eecent. 

Tbis family is characteristic of the later Palaeozoic and the Mesozoic 
formations; it is represented in existing seas solely by one genus, 
Cestradon. 

Orodus, Ag. (Fig. 49), known only by obtuse elongated teeth. The dental 
crown raised in the middle, and its surface marked with more or less prominent 
wrinkles, which rise from each long margin 
or from a median longitudinal crest. Base 
of tooth very stout. 0. ramosus, Ag. (Fig. 
49), and other species from the Carboniferous 
Limestone of Britain, Belgium, and Russia. 
Also numerous species in corresponding 

American formations. 

Campodus, Kon. {Agas- 
sizodus, St. J. and W. ; Arpagodus, Traut.). Teeth almost 
identical with Orodus, but distinguished by buttressed 
condition of the outer border of the crown. Symphysial 
series greatly enlarged, and fused. Carboniferous. JSdestus, 
Leidy ; Campyloprion, Eastm. ; and Helicoprion, Karp., 
known only by their arched or coiled symphysial dentition. 
Carboniferous and Permian. 

Tristychius, Ag. (Ptychacanthus, Ag.), (Fig. 50). Dorsal 

^ iril fin spines with a few shaT-o longitudinal ridges distally, 

three only — one upon the front margin and one on each 

side — extending far downwards. Teeth probably as in 

Sphenacanthus. T. arcuatus, Ag. Carboniferous. 

Sphenacanthus, Ag. Teeth rather high-crowned, with a 
large principal cusp and smaller lateral cusps diminishing 
in size outwards, more or less marked by superficial 
wrinkles ; base depressed, forming a slight expansion back- 
Fio. 50. wards. Notochord persistent. Dorsal fin spines marked 

TriMychim areuatt^ ^i^h robust longitudinal ridges, in part nodose; posterior 

Ag. Dorsal fln-8pine(i4)j , . , „ ^ i • x • l, 

•hagrM>n-acaie (£), and deuticles Small and numcrous, m two series, one upon eacn 
^^ ^^wCT^cSJbS™! lateral margin of the flattened or slightly concave posterior 
strckV *^^°** ^^^^^ face. Few minute comb-shaped shagreen granules. S. 

costellatus, Traquair sp., known by nearly complete fish 
from Calciferous Sandstones (Lower Carboniferous) of Eskdale, Dumfries. 



S. hi/bodoideg, Egert. sp., represented by fin spines and teeth in English, 
Welsh, and Scottish CoaL Measures. 

Hybodits, Ag. (Merislodon, Ag.), (Fig. 51). Teeth and dorsal fin spines 
almost as in Sphenatanlhus ; but double series of denticles on hinder fuce of 
fin-epine median, not laterally placed. 
Symphysial teeth few and relatively 
large. Notochord persistent, but ver- 
tebral arches calcified. One or two 
large hook-shaped, semi-barbed dermal 
'''"■ »'■ spines {Spkeiumckus) immediately behind 

tJkn^l"?^,^^ ^"-^,^"b: ^-Ji^X. each orbit, at least in the male. Shagreen 
Jut. lowmmh: LyiMoReniH DonotBhire. c.H. gparse. Consisting of small conical, 
oifurdBhin.. radiately grooved tubercles, whicb are 

sometimes fused into groups of three. 
Numerous species ranging from the Trias to the Lower Cretaceous. Teeth 
of H. plicatUii, Ag. (Fig. 51, A), abundant in the Muschelkalk. Nearly 
complete skeletons from the Lower Lias of England (J7. dddbeskei, Charles- 
worth ; H. retktdafus, Ag., Fig. 51, £) and the Upper Lias of Wurtemberg (//. 
hauffiattiis, Eb. Fraas). Fine skulls from Wealden, Pevensey Bay, Sussex 
(H. basajius, Egert.). 

Acrodus, Ag. {Thedudus, Plieninger), (Fig. 52). A genus only differing 
from Hiihoilus in the rounded, non-cuspidate character of the teeth. Common 



in the Triassic and Jurassic, aud ranging to the Upper Cretaceous. A. 
gaUlardoli, Ag., teeth from Bunter, Muschelkalk, and Keuper of Germany 
and France. A. minimus, Ag., common in European Keuper and Rhaetic. 
A. anningiae, Ag. (Fig. 52), and A. nobiiis, Ag., known by fine specimens from 
the Lower Lias, Lyme Regis. A. levis, Sm. Woodw., teeth from English 
Gault. 

Paliieohates, Meyer. Teeth depressed, rounded, without lateral denticles 
and not keeled. Europeiin Triassic. 

Asleracanlhus, Ag. (Strophodus, Ag, ; Curtndus, Sauvage), (Figs. 53, 54). 
Principal teeth elongated, irregularly quadrate, with slightly arched but 
flattened crown ; symphysial teeth few, smaller but relatively large, much 
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arched, without lateral deuticles, and longitudinally keeled ; all superficially 

marked by reticulating ridges. Notochord persistent. Head spines as in 

Hybodiis and Aerodus. Dorsal fin spines marked 

by stellate tubercles, sometimes partly fused * - 

into longitudinal ribs ; also bearing a median 

longitudinal double series of tubercles on their 

hinder face. Middle and Upper Jurassic. A. 

orttaiUiimiis, Ag. {Strophodns Telicuialus, Ag.), g^ 

(Fit;. 54), well known from Corallian, Oxfordian, 9 

and Kimmeridgiau of Europe. ^ 

Palaeospiimx, Egert«n. Dentition compara- 
tively specialised ; the few anterior teeth high- 
crowned and prehensile, with a single pair of 
lateral denticles; posterior teeth low-crowned, 
with two or three pairs of lateral denticles 
reduced to minute beads. Vertebrae very 
slightly asterospondylic. Dorsal fin spines 
smooth and enamelled, without posterioi- 
denticles. Shagreen tine and dense ; no head 
spines. V. priscus, Egert., known by nearly 
complete specimens from Lower Lias, Lyme 
Regis. Fragments of other species from Upper 
Lias, Wiirtemberg. 




T"ni'i«n-, Yoniip. I'DnUnaiiiii : Nul'-iirF, HirlUerliiiil. 

Si/itec/wiliK, Smith Woodward (Fig. 55). Almost identical with J'alaro- 
ipitiax, but teeth with more numerous lateral deiiticleit, and vertebrae more 
distinctly asterospondylic. Complete jaw of S. dvl/risiensts, Mackie sp. (Fig. 
55), and greater part of skeleton of same species known from the Lower 
Chalk of England. Teeth of other species from various Cretaceous formations 
in Europe, Cretaceo-Tertiary of New Zealand and Patagonia, and one {^. clarki, 
Eastman) from the Maryland Eocene. 

Cestraeum, Cuv. {Hfiermhntus, Blainv. ; IJrepaitephorus, Egert.), (Figs. C6, 
57). -Symphysial teeth small, numerous and prehensile, with a median cusp 
and one pair of latenil denticles : lateral teeth in oblique series, with faintly 
keeled and finely rugose crown. Vertebrae asterospondylic. Dorsal fin 
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epinea smooth, without posterior denticles. Nearly complete skeletons from 

the Lithographic Stone (Upper 

Jurassic) of Bavaria (C falcifer, 

Wagn., Fig. 56) and the Chalk 

of England (so-called Drepane- 

phoms canaliculatus, Ggert.). 

Teeth from Lower and Middle 

Eocene of England and Belgium. 

Existing in Australian and other 



Dorsal fins wUhout spines, the 
aiUerior situated above or behind the 
pelvic fitis. Teeth small, numerous, 
and pointed, several series heing 
generally in function. Vertebrae 
with eight stout radialtng plates. no. .w. 

Upper Jurassic to Recent, but towet J»wot Recent port jKk»oii8h»rk.C«lraeio.ijiJiliMH, 

fossils rare. 

Palaeoscyllium, Wagn. Anterior dorsal lin opposite pelvic pair, and 
posterior dorsal arising in advance of anal, which is small. P. formoswm, 
Wagn., and P. minus, Sm. Woodw., known by nearly complete fishes from 
Lithographic Stone, Bavaria. 

Senium, Cuv. (Thyellina, Ag.), (Fig. 58). Origin of anal fin always in 

advance of that of posterior dorsal tin. Teeth delicate with a high middle 

cusp and generally one or two small lateral denticles. Nearly 

fc complete fishes from the Upper Cretaceous of Westphalia {S. 

^^^ MM anguslitm, Ag. sp.) and Mount Lebanon (S. elongatum, Davis 

^V ^V sp.)i also numerous detached teeth from the Chalk and 

Fio. M. Tertiaries (Fig. 58). Recent, 

siyiivm ditrant, Pri^iurus, Bonap. As Sci/tlium, but with a series of small 

itincme '^Moiiw>>: ^^*- fipines on each side of the upper edge of the caudal fin. 
pmiwL I! ^ '"'**"" ^' ^"■^^^ ^■^- Woodw., a small species from the Lithographic 
Stone of Eichstadt, Bavaria. Recent. 
Mesiteia, Kramberger. Snout produced. Teeth minute and tricuspid. 
Anterior dorsal fin above or behind pelvic pair ; ana] fin much extended. 
Tail excessively elongated, without dermal scutes or spines. Shagreen absent 
or very delicate, and lateral line supported by a series of calcified rings as in 
Chimaeroids. M. emiliae, Kramherger, from Upper Eocene, Monte Bolca, 
near Verona; M. sahel-almae, Pict. and Humb. sp., from Upper Cretaceous, 
Mount Lebanon. 

ChiloKyUium, Mull, and Henle, and Qinglymosioma, Miill. and Henle 
{Plioidus, Winkler ; Jcrodobatis, Leidy). Tertiary and Recent. 



Family 3. Oarohaiildae. Mtiller and Henle. 
Dorsal fins v>iih<»it spines, the anterior sitiiated opposite to the space between the 
pectoral and pelvic fins. Teeth hollotv, pointed aiid triangular, wilh smooth or 
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senalal lateral borders. Verleirral oeiUra with /out ratliittiitg ridi/eg which wid^n 
outwards. Tertiary and Recent. 

Hemipridii, Ag. (Birrhizodon, Klunzinger), (Fig. 59). Principal teeth 
large, triangular and compreHsed, with coarsely Horrated edges ; anterior 
lower teeth slender, subulate, inwardly curved, and without denticulations or 
with one or two minute points at the baae. S. serra, Ag. (Fig. 59), common 
in the Miocene of Europe and in the Tertiary Phosphate Beds of South 
Carolina and Maryland Miocene. H. eurvatus, Dames, from Oligocene, Birket- 
el-Qurun, Egypt. One existing species. 

Galeocerdo, Miiller and Henle (Fig. 60). Teeth oblique, serrated on both 
margins, with a deep notch posteriorly. Eocene to Kecent. G. latultns, Ag., 



, , _._. __._ . MioMiiB (SoUum): Ital^ 

SVudoiH, HuDgBT* UnUF). Iriiigfii (Bllrr Pmbit.). 

from Bracklesham Bods and Maryland Miocene. G. aduncvs, Ag. (Fig. 60, A), 
species, apparently ranging to the Pliocene. G. fontortus, Gibbes, and G. 
triqueler, East., from the American Miocene. 

Ahpio]>sis, Lioy, and Pseudogaieus, Jaekel. Nearly complete fishes from 
Upper Eocene, Monte Bolca, near Verona. 

Galeus, Ag. {Protogakvs, Molin.), (Fig. 61). Teeth small and oblique, the 
^ j^ ^. „ margins only serrated at the 

^ base, and a deep notch pos- 
n. Mm teriorly. Eocene to Recent. 

j^^ M^^ G-ircluirias, Cuv. (Fig. 62). 

^H^ ^K^^ Teeth mostly oblique and tri- 
^^^^* ^9^IV angular, withoutlateral denticles, 
p,u. «£. usually different in the two jaws. 

.1. cuoj.nr.tu (^jiriunoiofi) ^,»."-. ihimft.. Kiic-iip : The lateral edges serrated to 
^]!::i1t:S:i'.^'^r^ '^ZtJ\Zl^::{\Z'^' th^ apex (PrUmodmi, Miiller 
^^J-jii^^^XTv^ii:''^'"- '■"""'■ "'^'^ """^ "<""'«> «' o"'y at the base 
{Uypopriim, M. and H.), or sharp- 
edged but not serrated {SadioduR, Physudun, M. and H.), sometimes also erect 
and sharp-edged {Aprionodon, Gill). Tertiary and Itecent. 

Sphyi'iui, Kaf. (Zffgaena, Cuv.). Hammerhead sharks. Tertiary and Recent. 
S. prisca, Ag. 

Musieias, Cuv. ; Trtofiioiloit, Triads, M. and H. Recent. 

Family 4. Lamnidae. Miiller and Henle. 

lAirsiil Jins without spines, tlie anierivr sitmkJ opposite to the space betaeen the 
jpecturul aitd pelvic Jins. Teeth pointed and usuaUy large, with or without lateral 
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denticles, and the pulp cavity cmajdetely JiUal wiih vasodenline, VerUhral centra 
vnih eight bifurcating plates which radiate outwards. Upper Jurassic to Eecent. 

Orlhacodus, Sm. Woodw. (Spheiwdus, Ag., non Gray, wt Lund), (Fig. 63). 
Teeth very slender and erect, compressed, without lateral 
denticles ; the root broad and depressed, simple. 0. longidem, 
Ag. Bp. (Fig. 63), and other species are Upper Juraseic. 
Apparently also a. Lower Cretaceous genus. 

Scapatwrhynchus, Sm. Woodw. (Jihinognathus, Davis 'mm 
Fairmaire ; ! Mitsvkuriiui, Jordan). Body slender, snout 
much elongated. Second dorsal fin small, opposed to a 
much extended anal fin ; caudal 
fin much elongated, inferiorly 
notched near the extremity. Teeth 
as in Odontaspis. Complete { 
skeletons of S. lewisi, Davis sp., 
and S. elongatws, Sm. Woodw., from the Upper Cre- 
taceous of Sahel Alma, Mount Lebanon. Detached 
teeth (S. rhapliiotloH, Ag. sp.) in Upper Cretaceous 
of Europe, probably also in North America, India, 
and New Zealand. Apparently living in the deep 
sea ofT Japan {Mifmkurina owstoni, Jordan). 

OdoiUaspis, Ag. (Triglochis, M, and H. ; Olodus, 

Ag. in part.), (Fig. 64). Snout not much elongated. 

Fio. 04. Second dorsal fin and the anal of equal size, scarcely 

odnnwijii- iwufain, Ad. .p. smaller than the first dorsal. Side of tail without 

tRowno. en«iu, near »)■. j^^^j^ Teeth with a slondcr principal cusp, with 

sharp lateral edges, fattened outer face, and convex inner face, also one or 

two pairs of small lateral denticles ; root large and bifurcated. Upper 




Vertcbn of Lmnaa 



■i.w(B).BII 



Ml Ctay, 8 



rtion<C). N.l. 



Cretaceous, Tertiary and Recent. 0. tfronni, Ag. U, Cretaceous, Maastricht 
and Ciply. 0. elegans, Ag. sp., and 0. caspidala, Ag. sp, (Fig. 64), from 
Lower Tertiaries. 

Oiodus, Ag. (Figs. 65-67). Very robust teeth with stout lateral denticles, 

VOL. 11 D 
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of r&tber doubtful relationships. Most species described under this name 
referable to Lamna and Odontaspis. Cretaceous and Eocene. 

Lamna, Cuv. Second dorsal fin and the anal very smalt. Side of tail with 
keel. Teeth as in Oilimtaspi.% but the principal cusp usually somewhat broader 
and the lateral denticles 
larger. Very abundant 
in the Chalk, Tertiariea, 
and existing seas. 

Oxyrhina, Ag. (Fig. 
68). Only differing from 




Inlm, Alt. Plin^r: iH.-l". uWv/mn, Ai:. Siltni«l Uj-yrftiiioplioWillj, Ag. Mm- 

(juedlliiiiurii. nj-iiwl of tooth, Koieiio ; ahspiwy. ceup ; XMtdoril, Hungary. 

Lamna in the teeth lacking lateral denticles. Cretaceous to Recent. 0. 
manklli, Ag., the commonest Cretaceous species both in Europe and \ortb 
America, the nearly complete dentition known from Kansas. 0. dfsori, A^., 
chiefly Lower Tertiary ; 0. Jia^alis, Ag., 
chiefly Upper Tertiary. 

Alopecias, M. and H. Tertiai 
Kecent. 

Carax, Ag. (Fig. 69). KnowT 
by low triangular teeth with 
serrated edges, and a large root. 
mon in the Middle and Uppei 
taceous. C. pri^odoidas, Ag., 
Maastricht, North Africa (Fig, 6t 



Upi*r ' 



armbm mrgalalvK, Af(. Xtuo 



supposed Eocene of Alabama. C.fakatus, Ag., European and North American 
Cretaceous. 

Carcharodon, M. and H. (Fig. 70). Second dorsal fin and the ana] very 
small. Side of tail with keel. Teeth very large and triangular, with 
serrated lateral edges, flattened outer face, convex inner face. One Upper 
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Cretaceous (C. longidens, Pillet) and one existing species (C. roiideUli, M. and 
H.) ; the others Tertiary. C. megalodon, Ag. (Fig. 70), and allied species are 
represented by very large teeth in the Tertiary and later formations of 
nearly all parte of the world, also on the bed of the existing oceans. 

CeforUnus, Blv. (Sdache, Cuv,), Teeth very enmll and conical, without 
lateral denticles. Claepere of male with horn-shaped spines, vhich have 
been found in the Pliocene of England and Belgium. The existing " basking 

8«b-0rder D. TECT08P0NDYLL Hasae. 

Vertebral cenlra lohen completdy formed amphicoelous, ilrenglKened by secondary 
fiaies of calctjied tissue tahich are eonceiUric with the constricted prxmilive cylinder. 
Five gill clefts on each side. Anal fin absent. Bndt/ usiudly depressed, with very 
large pectoral fins forming a "disk." 

To the Tectospondyli belong the still existing rays, monk-fishes, and saw- 
fishes, perhaps also the Palaeozoic families of Cochliodontidae, Paammo- 
dontidae, and Petalodontidae. 

Family 1. Oochliodontidae. Umcd. 

Palaeozcnc fishes with few convex teeth, which are more or lest arched, liolhwed at 
the base, punctate on the crown, and often marked with obtuse transverse folds or 
grooves. A large posterior denial plate, above and Mow on eaeli side, a sntalUr 
anterior dental jAate, and one or more series of separate ^nailer anterior teeth. 
Head and perhaps also the pectoral fius armed with paired luheradated spines. 
Carboniferous and Permian. 

Our knowledge of this most remarkable Upper Palaeozoic family is still 
very incomplete. Of two genera (Ife/orfus and Menaspis) the impreasion of the 
trunk is known ; of all the others only teeth or fin spines and, very rarely, 
complete jaws occur. According to Jaekel we may place here the un- 
aymmetrical Ichthyodorulites, with tubercles, bosses, or spines and destitute of 
a root, which have been described under the names of Oracanthus, Pni^eacanthns, 
Cladaeanthus, Platyacanthus, Gamps- 
aranlkus, Fhysonemus, Stichacanthus, 
etc. Owen has pointed out that the 
dentition in the typical genera 
Cochliodus and Streblotlvs corresponds -> 
with that of a Cestraciont, but differs 
from the latter in the fusion of two 
or more transverse series of teeth into 
continuous plates. Smith Woodward 
has thus proposed to place the typical 
Oochliodontidae near the Cestraci- 

ontidae, removing Menaspis to the Fi.i. ti. 

Cfaimaeroid family of Squaloraiidae. carMimiui 4n«i.nim, Ag. i>^iitiiioii, ',\ um.. nin-. 

Cochliodus, Ag. (Fig. 71). Two t«th. ft Xid.ile tooth ;.„l«ri«t«-tUw»-VliiiL-. 

Strongly arched dental plates on each 

ramus of the mandible; the posterior one very large, with a broad median 
area bounded in front and hehind by an oblique transverse furrow ; the 
anterior plate comparatively small, rhomboidal in shape. Symphysial series 
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of (7, lalus, Leidy, from Keokuk Limestone of MiasiBsippi Valley, the largest 
known species, originally described as Eelodus caranm, Newb. Lower Carboni- 
ferous; Ireland, England, Belgium, and North America. 

SlreUodus, Ag. As CocfUtodus, but hinder tooth with two to three broad, 
oblique, transverse folds. S. oblongus, Ag., and S. colet, Davis, from Carboni- 
ferous Limestone, Armagh, Other species from England and North America. 

Sandalodvs, Newberry and Worthen (Trigorwd'us, Vaticinodus, N. and W. ; 
OrihopUurodtts, St. John and Worthen). Supposed upper teeth triangular, 
thick, slightly inroUed. Supposed lower teeth m.ore strongly inrolled; the 
hinder one subtriangular or twisted and elongate, with one to two diagonal 
ridges, and anteriorly coiled in a distinct whorl ; the anterior one short, 
truncated in front, strongly inrolled. Carboniferous; Ireland, England, 
Belgium, and North America. 

Ddloptychius, Ag. ; ChUanodus, St. John and Worthen ; Poecilodus, Ag. ; 
DeUodva, Ag. (Taeniodus, St. J. and W.) ; Xystrodus, Ag. Carboniferous Lime- 
stone ; Europe and North America. 

Psephodus, Ag.^ (^ig- 72). Large rhombic or rhomboidal teeth, convex 
and gently arched, with crenulat«l border. With these large teeth are 



^ 



t 



A 



of Annitih (>n«r l>iivli). B, AHuociiUd upper t«-Ch from rcmsliia o( head found In CukKeroiTH Sandatoneii. 
But Kilbride, LaiinrkshlrH. ),, Ijirife loolli sonis»list bn>k-ii ; r. StiibII l«ith idfiili™! wiih Wrlnd™ r»rfi., 
M-Coy: .1, Ml.-ndiir teeth idfottcul with lltlo'l«i pls««i. Ak- : '. HcLo.iont Hwtli; /, (j, Teeth tiltiitlcal irilh 
Iftphodiis did^miit ii>d /.. ifvfiurimMf Ag. Bp. (after Traiiuair).' 

sometimes associated more numerous transversely elongated small teeth, of 
which isolated examples have been described under the names of Hdodus, 
Lophodus, and Aspidodus. Cavboniferous Limestone ; Europe, India, and North 
America. 

Pleuroplax, Sm. Woodw. {Pleurodus, Hancock and Atthey, non Wood, nee 
Harlan). Teeth with feeble ante ro- posterior ridges, and the antero- and 
postero- lateral borders indented between these ridges. These teeth some- 
times associated with others of the ffelodus-type. At least one dorsal fin, with 
an unornamented spine. P. rankinei, H. and A,, from English Coal Measures. 
Other species from Upper and Lower Carboniferous of Europe and North 
America. 

Menaspis, Ewald, emend. Jaekel^ (DkModus, Giebel; Chalcodua, Zittel), 

' Traqiiaie, A //.. Trana. Geol. Soc., Glasgow, vol. VII. 188S. p. 392. 

' Jaetd. O., Ueber Meiuispia (SitiuDgsb. nBtiirf. Freuude, Berlin, 1881, p. 116).— Aew, O., Ueber 
die Kopfstscheln von Mfiiiisjiii amtata, Munich, 1891. 
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(Fig. 73). Head and back covered with longitudinal series of tuberculnted or 

Bpiny, partially keeled placoid scales ^ 

and email shagreen granules. On each 

side of the front portion of the head b 

a triangular spine, provided with a 

broad, hollow base and covered with 

tubercles of dentine. Further back 

on each side three smooth, thin, arched 

spines fixed by a conspicuous basal 

process in the skin of the head, curved . 

inwards, and apparently consisting of ^^_^^^^ ^^^^^ E».id '(rw™i« p™(o™, 

calcified cartilage; the middle pair of zittcix Dentition from nbt>v^(^).iiii.n.fU>ii'(fi),int. 

these spines more than twice as long "'"' "!'*"«■"'"• ■ '^ ' ""'"■ """g«- 

as the others. Dentition consisting of one pair of Cochliodont teeth In each 

jaw (Fig. 73). ^f. armala, Ewald, from Kupferschiefer of Germany. 

Fuuiily 2. Fsammodoiitidae. De Koninck. 

Known mUy by large, fiat, or siighlly arched leeth, viiih punctate or finely rvgose 
^ grinding surface. The teeth are of qaadrate <rr oUong shape, 

and were originaUy arranged in one, tvK, or more longitudinal 
series. Lower Carboniferous. 

Psammodus, Ag. (Homalodus, Asfraiodvs, Davis), 
(Fig. 74). Teeth quadrangular, with relatively thick 
base, smooth or feebly striated on the attached surface, 
arranged in the jaw in paired longitudinal series. 
P. rugostts, Ag. (Fig. 74), from Carboniferous Limestone 
of Ireland, Scotland, England, Wales, and Belgium. 
Allied species in Russia and North America. 

Archaeobatis, Newberry. Teeth scarcely distinct 

from Psammodus. An associated group of A. gigas, 

Newb., known from St. Loliis Limestone, Greencastle, 

Indiana {Jim. New York Acad: Sci. vol. i. 1878, p. 190). 

Copodus, Davis (Mesogomphus, Rhymodus, Characodus, 

j.^^ .^ Pinaeodus, Davis). Comparatively small median teeth, 

i'lamanrftii r«Bomt, ak. i^rrow^r 1" ffOHt than behind, divided into two unequal 

inipertiwt tooth from iboin parts by a transverse suture. C. comiUus, Davis, and 

m. niL "in. cirboiiireiDu'i allied species from Carboniferous Limestone of Ireland, 

iin.«ioor ; Ar™.gh. England, and North America. 

FAmily 3. Petalodontidae. Newberry and Worthen 

Teeth aniero-postertorly compressed, transversely dongaled, arranged in longitudinal 
and transverse rows and forming a pavemeid. Crown enamelled, more or less heni 
badanards, either with a sharp cutting edge or very obtuse, the anterior face convex, the 
posterior face concave ; root separated- from the crown by a constriction, usually with 
enamel folds immediately abore it. Carboniferous and Permian. 

Of this extinct family, Janassa is the only genus of which more than the 
dentition is known. This fish exhibits a ray-shaped trunk covered with 
smooth, rounded shagreen granules ; the large pectoral fins extend forwards 
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to the head, and the pelvic pair are separated from them by an interspace ; 
the tail is slender, and month narrow. There are no fin spinea. 

Pelalodvs, Owen (Chomaiodas, Ag. in part ; Sicanm, Leidy ; Antliodvs, 
Newb. ; Lisgodus, St. John and Worthen), (Fig. 
^ " 75). Teeth much an t«ro- posteriorly compressed 

and tninsversejy elongated. Crown leaf-shaped, 
with cutting edge and sharp baaal margin with 
I enamel folde ; root long and comparatively slender, 
truncated below. I", acuminatm, Ag. sp., and other 
species from the Carboniferous Limestone of Eng- 
land, Scotland, Ireland, Belgium, Ruesia, and 
North America. Rare in the Coal Measures of 
North America. 

Kio. :;. Pelalorhpwhus, Newb. and Worth. Dentition 

PHniaim aitegiuinu«-n, irftiiy. consisting of BIX transverse rows of three acumi- 
v™ »!iiiinT{Bj™ii»il*ii'. *".I«i nate cutting teeth with undivided root. Carboni- 
NfHlto'i^).'*''^"'^''''''' """"'" '"""^ ferouB Limestone ; Europe and North America. 

Janassa, Miinster (Dictaea, Byzenos, Mitnster ; 
Climaxodas, M'Coy ; J'dtodus, Newb.; Tanaoilus, St. John and Worthen), (Fig. 
76), Dentition consisting of narrow and elongated teeth with a reflexed 
punctate crown, which are arranged in five to seven longitudinal, and seven 
transverse rows, three on either side of the symphysial series. The oral 
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cutting margin is formed entirely by the anterior face of the crown, which 
is bent backwards sharply and overlaps the next older tooth in front, 
which serves as a support. The long, tapering root of each tooth is 
much compressed an tero- posteriorly, slightly arch^, transversely ridged on 
the convex anterior face, smooth on the concave hinder face. Skin covered 
vrith oval or quadrate, smooth, shagreen granules. J. bitumimsa, Schloth. sp. 
(Fig. 76), represented by important specimens from the Kupferschiefer of 
Hesse and Thuringia, also from the Marl Slate of Durham. Detached teeth 



of other Bpecies (eo-called CHiiiaxodus, etc.) from Upper anil Lower Carl)oni- 
ferous of England, Scotland, Ireland, and ^ ,, 

North America. 

Fisstxiits, St. John and Wortheii. Car- 
boniferous Limestone; North America 
and Scotland. 

Glossodve, M'Coy ; Mfsulophvtlus, Sm. 
Woodw, Carboniferous Limestone ; 

Ireland. jWj^*;™;,,. ui»y„u. M-C<>y ■ Tontl. ill ttoiii 

I'ohjrkizodus, M'Coy (Dactylodus, viAwi^),.,,.! tnu-smB a«iio.'.t(m. v.iat.siiB. 
Newb.), (Fig. 77). Teeth robust, with a -» v j* 

tumid crown tapering to a transversa cutting edge, and the root much sub- 
divided. P. magmts, M'Coy, and other species from the Car- 
boniferous Limestone of 
Ireland, England, Russia, 
Fiu -a. ""^ North America. 

.■.■,i4"i\U: ,^. Ctenopiychins, Ag. 

^..r(-., '^■'v- P""! {Clfiwpetalus, Harpacodm, 
Pefalodopsis, Davis ; S^r- 
TOtO'lus, de Koninck. Teeth small, 
antero-posteriorly compressed, with sharp 
serrated edge. Coal Measures and Car- 
boniferous Limestone ; England, Scot- 
land, Ireland, Belgium, and North 
America. 

Calloprislodus, Traquair (Fig. 78). 
As C'ienoj'tycliius, but root subdivided. 
C. pediruttus, Ag. sp., from the Coal 
Measures of England and Lower Car- 
boniferous of Scotland, also from Coal 
Measures of Nova Scotia. 

Periprisiis, St.John(/'rM/u(/«s, Davis). 
Lower Carboniferous; Great Britain and 
U.S.A. 

Family i. Bquatinidae. M. and H. 

Angel-tiBhea or Monk-fisbea 

Trunk broad atid depressed. Pectoral 
fins large, separateii by a deft from the 
head, so that the branchial openings ore 
alUl directed laterally. Teeth pointed and 
conical, wUhoai taieral den tides. Ttro 
dorsal Jins on the tail, withovt spives. Skin 
covered wUh small plaeoid scales. Jurassic 
to Recent. ^"'' ^■ 

The single genus Sqtiatina, Aldro- ■""iw, f™*-). UMirrJiimmi/; Birli«i«.it. Bimm. 
vandi {Rhina, Klein; Thaumas, Miinst. ; lt>f'B"«"" '""i"""""'*"" M""™. """-i'.) 
Phorcynis, Thioll. ; Scaldia, Le Hon ; Trigonodus, Winkler), (Figs. 79-81), first 
appears in the Upper Jura.ssic and survives in the existing fauna. Complete 
skeletons of S. alifera, Miinst, sp. ; S. speciosa, Meyer ; and S. acanfhoderma. 
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Fraas, occur in the Lithographic Stone of Bavaria and Wiirtemberg (Nub- 
plingen) ; and the genua is also represented in the corresponding formation of 
Cerin, Ain, France. A complete skeleton of S. baumbertfemis, von der Marck, 
is known from the Upper Cretaceous of the Baumberg, Westphalia ; and more 
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A, !l'i«ali«« cliAra, MiinsC, .j,. 
TuoUi. X 3. UiiiHT Jiiniulc 
(LlthognphkHloiie) : Holcnbafcii. 
II. .SiuallKii /rnn.i, Prob.t. 
Tootll. X 2. Hioctlir (Moliwni-): 



i(Ti«bral column of S^imfini 



fragmentary remains of S. eranei, Sm. Woodw., occur in the English Chalk, 
Numerous teeth and vertebrae in the Tertiary. .V. occiilentalis. East., from the 
Maryland Miocene. 

Family 5. PrlBtiophorldae. (iiinther. 

Trunk fusiform. Sitoal muck elongated and Jtaltaied, wUhotd lattrnl cartilages, 
bul fringed on each border with pointed dermal leelh. Branchial clef Is lateral. The 
(wo dorsal fins wHImuI spin-es. Upper Cretaceous to Recent. 

Pristiophortts, M. and H. Miocene to Recent. An undescribed form in the 
Upper Cretaceous of Mount Lebanon (Smith Woodward). 

Family 6. Pristidae. (iiinther. Saw-tiahes. 

Trunk elongated, slif}kU^ depressed. Pectoral fins ruiher large, vniled with the 
head, but not extended to the long, depressed, svmd-like rostrum, strengthened with 
lateral cartilages, and armed with a row of large, dermal teeth on each lateral border. 
Brancliial clefts on tlie veidral surface. Teeth of the mouth minute and obtux. 
Upper Cretaceous to Recent. 

Sderorhijiu-has, Sm. Woodw. Teeth of rostrum comparatively small and 

not fixed in sockets. Rostrum thus resembles that of Pristioph^rus, but differs 

from the latter and agrees with Pristis in the great development of a pair of 

lateral cartilages. S. atavus, Sm, Woodw., known by nearly complete skeletons 

• from Upper Cretaceous, Mount Lebanon, 

' Pristis, Latham. Teeth of rostrum peg-like, firmly implanted in sockets of 
calcified cartilage. Middle Eocene (Bracklesham Beds) to Recent. 

Proprisiis, Dames. Rostral teeth as in Pi-istis, but not implanted in 
cartilage. Upper Eocene ; Birket^el-Qurun, Egypt. 

Family 7. Rbinobatidae. Mullcr and Ui^nle. 

Trunk depressed, bul elongated. Pectoral fins large, connected wiih the head, but 
the cartilaijinous rays not reaching the end of the somewhat elongated snout. Branchial 
elefis OR the ventral side. Teeth small and obtuse. Tail rotas/, with two dorsals and 
a large caudal fin. Upper Jurassic to Recent. 
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Bhinobalus, Bloch (Eursarikra, Ag. ; Spcthobatis, Thiol!.), (Fig. 82). Dorsal 
fins without spines. Skin with 
email shagreen grannies. Com- 
plete skeletons from the Litho- 
graphic Stone of Bavaria and 
France, the Upper Cretaceous 
of Mt. Lebanon and Italy, and 
the Upper Eocene of Monte 
Bolca. Also later Tertiary and 
Recent. 

AsleTodermus, Ag. Dorsal 
fins with small spines. Sha- 
green granulea rather Urge, 
stellate. A. plalyptarus, Ag., a 
small apeciea from the Litho- 
graphic Stone of Bavaria. 

Belemnobatis, ThioUi^re. 
Lithographic Stone; Gerin, Ain, 
France. 

Trygonsrhina, Plaitfrhina, M. 
and H. Eocene to Recent, 

Faniily 8. Tamiobatidae. 

This family, represented by 
the unique Tamiobatis vetusltis, 
Eastman, from the Devonian or 
Lower Carboniferous of Ken- 
tucky, is of uncertain system- 
atic position, but intermediate 
between existing sharks and 
rays. 

Family 9. Bajidae. Miiller 
and Henle. Skates. 

Trunk mtteh depressed, form- 
ing a broad, u^uoUy rhombic disk 
with the peeiorai Jilts, whith extend 
JTom the snont to ike pthic fins. 
The latter fins with a lirong, un- 
segmented, cartilaginous ray in 
front. Teeth smaU, with bifur- 
cated root and rhombic crown, 

forming a dose pavement in each vi-. ^■•. 

jaw. Tail tery slender, without Bhi»oi»ii!t mmhun, wagn. Upper jii™»,io (i.ah.>i.Tsi.iiic 

, ,■ } I ^ 1, stout): £lchHt;ult, Bftvnrla- (Fnjin ■ sppoliiitn 1-7 iii. luiikt in 

sptnes, and the caudal fin smaU or the Psinenntoiogioi Hm>cuin, Munich.) 
absent. Skin vrilh small, pointed 

shagreen granules and larger, scattered, spinous, placoid tiiberdes. Upper Cre- 
taceous to Recent. 
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Cydobatis, Egerton. Disk circular or oval, and tail very short, without 
median fins. Kays of paired fins few and well-spaced, the pectorals united in 
front of the head. Pelvic arch with very large pre-pubic processes. C. oligo- 
dadi/lus, Egerton, from Upper Cretaceous, Hakel and Hajoula, Mount Lebanon. 

Rajay Cuv. (Aditwbatis, Ag.), (Fig. 2). Upper Cretaceous (Mount Lebanon) 
to Recent. Dermal tubercles of existing B. davata^ Linn., in Pliocene Crags 
of Norfolk and Suffolk. 



Family 10. Torpedinidae. Miiller and Henle, Torpedoes. 

Trunk much depressed^ formvig a broad and rounded disk with the pedoral Jins, 
which do not extend forwards to the broadly rounded anterior end of the head. Tail 
short and fleshy, with wdl- developed dorsal and caudal fins. Skin naked. An 
dedric organ between the pedoral fins and the head. Eocene to Recent. 

TorpfAloy Dum6ril (Narcobatis, Blv.). Sometimes supposed to be represented 
by. skeletons in Upper Eocene of Monte Bolca, but doubtful. Recent. 
Xarcine, Henle. Upper Eocene of Monte Bolca, and Recent. 
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Family 1 1 . Tryfifonidae. Miiller and Henle. Sting-rays. 

Trunk much depressed, forming a disk with th^ very broad pedoral fins, which 
meet in front of the snout, and canst it ute the anterior border of the head. Tail very 
slender, sharply separated from the disk, the dorsal Jins usually replaced by sereral 
stout irnbricathig spines of vasodeniine, which are antero-posteriorly compi'essed and 
armed with a row of recurved hooklets on each lateral bolder. Teeth small, rhombic 
or polygonal, with bifurcated root, and farming a dose pavement. Skin naked, iHth 
large conical plates of vasodeniine, somdimes fused into groups, us\ially raised into a 
short spine. Tertiary and Recent. 

Trygon, Adanson (Trygonobatus, Blv. ; Alexandrinum, Molin), (Figs. 83, 84). 
Tail elongated, with long, flattened dorsal spines. Dermal plates of very 

variable form and size. T, gazolae, Ag. ; T. 
(Akxandrinum) molini, Zigno ; T. zignoi, Molin, 
known by nearly complete skeletons from the 
Upper Eocene of Monte 
Bolca. Isolated dermal 
plates (Fig. 84) have 
been described as refer- 

Try,j"n rnnnm^, Probst. Tooth, an- able tO Baja^ AcivenSCr^ 
terior (A), i)ostmor (70, ami lateral ((\ ^ i t j* t 

asi>ectH, enlarge*!, and the same nat. size VynatOOatlS, LarrazCt, 

^^i.str'"'^*''*'"'''^' BaitrinKe.. (after ^^^ JcantJwbatis, Larr. 

Ta£niura, Urolophus, 
M. and H. Upper Eocene (Monte Bolca) and 
Recent. 

Xiphotrtjgon, Cope (Heliobatis, Marsh). Resembling **'"• **^- 

Trygon, but teeth cuspidate. X, acutidens, Cope, known J:^r^^''t'''^i^^r^\ 
by complete skeletons from Eocene Green River Shales ,^"^''*^'^\ "Sh, ^y-^- Miocene 

;; ,._-. '^ . (Molasse); Baltnngen. 

of Wyoming. 

Oncobatis, Leidy. Dermal tubercles. Pliocene ; Idaho. 




Fio. .S3. 




Family 12. Myllobatidae. Miiller and Uenlc. K»gle-rayi>. 

Triiitk much depresial, forming a hroad disk uilh the ver^ large ptctoi il Jtns, 
ic/iiek are interrupted iil the sides of Ihf head bul leappear as one or a } ni of small 
cfphalie fins at the extremity of the biiotil Tjtl le y sleulei uilk one or "eieral 
flaiteiied spines behind tlie single doisal fin Teeth rather luge ftrnuna i close 
pavement in Mhjaios. Skin naked. Cretiiceoiia (1), Tertiary and Recent. 

Most of the surviving genera of this family are represented in the Tertiury 
by isolated t«eth ami Brines, or by the complete dentition. 

) Ptychodus, Ag. {AvJmlm, Dixon), (Figs. 85, 86). Known only by the 
dentition and vertebrae, and hence of uncertain systetoatic position. Teeth 
quadrangular, with a raised crown, which is 
transversely or radially ribbed, and sharply 
separated by a constriction from the smaller. 
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smooth root. The teeth are solid, and the ganodentine investing the crown 
is thick. They are arranged iu about thirteen antero-posterior series (Fig. 
86). Ill one jaw, presumably lower, the median series of teeth is the largest, 
and the lateral rows are dis- 
posed symmetrically, diminish- 
ing in size outwards. In the 
opposing jaw the medi 

and the first 




lateral row on each side large, with the outer lateral series diminishing. 
Common in the Chalk of Europe and North America, rarer in the Greensand. 
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Promyliohalis, Jaekel. A skeleton from the Upper Eocene of Monte Bolca, 
apparently showing pectoral fins less completely interrupted at side of head 
than in recent Myliobalis, otherwise resembling 
the latter. P. gazolae, Zigno sp. 

Myliobalis, Cuv. (Pasiinaea, Gronow), (Figs. 
87-90). The dental pavement of the jaws 
consists of seven ant«ro-posterior rows of hex- 
angular flattened teeth closely pressed together. 
The lower dentition is longer and less arched 
than that of the upper jaw. 
In young examples all the 
teeth are similar in form and 
size, hut during growth the A 
median series rapidly in- ^ 
creases in width, and event- 
Pi^ g„ ually becomes from three to 
Myihhuiu Mtapinu Afr ii.ii»Tt«t SIX times as broad as long, 
f^i""- M''i'ii«»«e"«: Bi«u™iuim, while the shape of the lateral 
series remains unchanged. 
The strongly developed root of each tooth is marked with 
parallel grooves on its lower and lateral faces. Numerous 
species represented by the dentition in the Tertiaries, and 
caudal spines also known. M, dtxmii, Ag, ; M. striatum, 
Buckl. ; M. ioliapicus, Ag., from English Eocene. M. 
perUoni, Sm. Woodw., the largest known species, from 
Eocene, Mokattam Hills, Cairo. M. magisler, Leidy, the 
largest American species, known hy complete dentition 
from the South Carolina Eocene. 

Iihimptera, Miiller {ZygobaUs, Ag. ; Mylorhvui, Gill). 
Dentition of both jaws strongly arched ant«ro-posteriorly. 
Teeth flattened and hexangular, in five to nine antero- 
posterior rows, and mostly hroader than long, but diminish- '''"'■ '*■ 
ing in breadth outwards. Tertiary and Recent. K.daviexi, v.^mI^J^ ciww 'iS- 
Sm. Woodw., from London Clay, Sheppey. h?'Lra*'iiM'rAii"''""" 

Aetobafus, M. and H. (Goniobalis, Le Hon). Teeth very 
broad, in a single a ntero- posterior series. Tertiary and Recent ; wide 
distribution. 

Order 5. HOLOCBPHALI. Chimaeras. 

PUrygoquailraie arcade compMely and imnwvaily fused vnth the cranium. 
Mandible jn-ovitled with a very large dental plate on each side, meeting one or (wo 
pairs of denial plates in the upper jaw. GiU defts covered by a fold of atin, so that 
there is oidy one external opening. Vertebral axis not distinctly segmented, and the 
notoehord surrounded b>/ numerous partially calcified rings of cartilage. Paired fins 
with livo or three sliort basal cartilages ; peh-ic fins of male with appended daspers. 

The Holocephali occupy a unique position among the Selachii, on account 
of (1) the incompletely segmented character of the vertebral axis, in which the 
number of the cartilaginous rings considerably exceeds that of the arches and 
processes; and (2) the fusion of the upper jaw with the skull. Their trunk 



BUB-CLASS I SELACHII 45 

resembles that of the sharks, while the dentition is distinguished by the remark- 
ably peculiar form and structure of the few very large teeth or dental plates. 
Of the four surviving genera, Chimaera lives off the European coasts, Japan, 
and the Cape of Good Hope ; CaMorhynchus in the seas of the southern hemi- 
sphere; Harriotta in the deep Atlantic off North America; and Rhinochimaera in 
deep water off Japan. In all these genera the anterior dorsal fin is provided 
in front with a strong spine, which is supported by a broad plate of cartilage 
fixed to the vertebral column, and is united with this plate by a cartilage 
articulation. Besides the fin spine, the males of recent forms bear on the 
frontal region a spine which is rounded in front and covered with prickles, as 
well as smaller prickly spines in front of the pelvic fins. The long copulatory 
organs are also strengthened by thin calcified rods. The skin of the existing 
genera is naked, but in some extinct genera it is partly covered with shagreen 
granules and plates. A remarkable peculiarity of the Chimaeroids consists in 
the unusually conspicuous character of the mucous-canals, which traverse the 
skin of the head and form the very prominent lateral line of the trunk. These 
are surrounded by numerous, closely arranged, calcified rings of cartilage. 

The existing representatives of the Holocephali are only an insignificant 
remnant of a former much more extensively developed group of Selachians, 
which appears first in the Devonian, and is perhaps genetically connected with 
the Cochliodontidae. 

Family 1. Ptyotodontidae. Smith Woodward.^ 

Known only by dental plates, which are laterally compressed, seem to form a 
single pair meeting ai the symphysis of each jaw, and exhibit eitlier few tritoral areas, 
or sharp cutting edges. Devonian. 

Piyctodus, Pander (Aulacosteus, Eichwald ; Rinodus, Newb. and Worth.). 
Tritoral area composed of very hard, punctate, superimposed laminae, arranged 
obliquely to the functional surface. P. obliguus. Pander, from Middle Devonian, 
North Eussia. P. rnolaris, East. ; Eifel Devonian. P. calceolus, Newb., and 
P. ferox. East. ; Middle and Upper Devonian, Wisconsin, Illinois, and Iowa. 

Rhynchodus, Newb. Dental plates with sharp cutting edges, and no well- 
differentiated tritors. North America, and the Eifel, Germany. 

Falaeomylus, Sm. Woodw. Robust teeth, with broad symphysial surface, 
and one punctate tritoral area, not laminated. North America. 

Family 2. SquaJoraiidae. Smith Woodward. 

Trunk depressed and elongated, and head produced into a long, slender snout. 
Lower dentition comprising one pair, upper dentition two pairs of thin corrugated 
denial plates without definite tritors. Males with a prehensile spine on the snout. 
Dorsal fin spins absent. Numerous conical or stellate dermal tubercles. Lower 
Jurassic. 

Squaloraja, Riley {Spinacorhinus, Ag.). Tail tapering to a point. Rostral 
spine with expanded base, tapering to a point in front. Vertebral rings well 
calcified, consisting of several concentric lamellae. S. polyspondyla, Ag., known 
by nearly complete skeletons 0*46 in length, from the Lower Lias of Lyme 
Regis, Dorsetshire. 

1 Eastfnan, C. R., Dentition of Devonian Ptyctodontidae (Amer. Nat. vol. XXXII.), 1898. 



Family 3. Uyrictoanthidae. Smith Woodwa^. 

Trunk elongated. Two upper pairs and one tovier pair of fhin iknlal plates, 
also a stoitl, nMlian, inctsor-lOee tooth at the symphysis of the mandible. Head with 
a few dermal plates. Males vnih a preltaisUe spine on the snout. Anietior dorsal 
fin above tiie pectorals, with a Umg, straight, robust spine. Jurassic. 

Myriacanthus, Ag. (Prognathodus, Egerton ; Melopacanthus, Zittel). Rostrum 
with a terminal cutaneous flap. Anterior upper dental plate smaller than the 
posterior plate. Dorsal fiii spino long and slender, somewhat laterally com- 
pressed, with a large internal cavity ; sides ornamented with small tubercles ; 
a series of large, thorn-shaped tubercles arranged along each edge of the 
flattened posterior face, passing into a single median row distally, and a single 
series of similar denticles on the anterior border. Rostral spine elongated 
and pointed, with expanded base. Dermal plates tuberculated. M. paradoxus, 
Ag., and M. granulatus, Ag., from Lower Lias of Lyme Regis. 

Chimaeropsis, Zittel (Fig. 91). Mandibular dental plates (md), slightly 
arched, with a large tritoral area ; the aymphysial tooth (x) externally 




[cH]jhic stone); Eiclii>tiiilt. DivlniL 



(inferiorly) convex, internally (superiorly) flat or concave. Anterior (f) and 
posterior (p) upper dental plates triangular, the former not smaller than the 
latter, and tapering in front, the latter tapering behind. Fin apine as in 
M'lriacanihus. Body covered with small, conical, radiately grooved )>lacoid 
scales. Upper Jurassic (Lithographic Stone) of Bavariti, 

Family 4. Obimaeridae. CliimueraH.' 

Tnuik elongated, sliark-Uke. Teelh formintj two pairs of robust dental plates in 
the upper jaw, the foremost tht ^nailer, both pairs thick£)ied and closely apposed in 
the longitudinal mesial Urn of the mnith ; lower dentition comprising a single pair of 
betdc-duipeil plates meeting at the symphysis ; tlie plates usually with several tritors. 
Pectoral fins very large, fan-like, wHk simpie, horny rays; unteiior dorsal fin above 
the pectorals, with a large spine arlicvlaled to a airtilagtiious base ; posterior dorsal 

oi.l FiHliea of tlie British <\eW«!Oiis Rock« (Mbto. Geol. Siiney, 



8tB-CLAS8 1 SELACHII 47 

Jin low, muck exlendal. Skin naked, or with skiajreen graauks. Jui'ussic to 
Recent. 

IsckyoUus, Egerton (Leptacaiiihns, Ag. ; Aiiluxaeanlkus, Sauvage ; Cliimaer- 
aearUhus, QiieiiBtedt), (Fig. 92). Lower dental plates 
rhomboid a 1, with a narrow symphysial facette ; upper 
jKirt of outer face covered with a thick layer of 
dentine, and oral margin sharp ; four rough punctate 
tritors present. Poeterior upper dental plates tri- 
angular, tapering In front, with four tritors ; anterior 
upper teeth square, antero- posteriorly compresse<l. 
Dorsal fin spine laterally compresBed, smooth or 
longitudinally striated, with a double longitudinal 
series of denticles on the hinder face. Males with a 
short, arched head spine, bearing a cluster of denticles 
at the end. Nearly complete skeletons of /. avitus, 
Meyer ap. (Fig. 92), and /. ptenstedti, from the 
Lithographic Stone of Bavaria. Detached teeth 
from the Bathonian (Stonesfield Slate) to the Upper 
Cretaceous of England, France, Germany, and Switzer- 
land ; also from Cretaceous of Amuri BlulT, New 
Zealand. 

Gaiiixlus, Ag Dentition as in Jsckyixhs, bnt 
post«rior upper dental plate deeply excavated 
behind, with a double longitudinal series of numer- 
ous small tritors. Bathonian (Stonesfield Slate), 
England. G. oweni, Ag., and other species. 



lichr-l"' arilm, H. v. Nkyrr. 
Alm»t ™<u|.l*le Hkpltton. 1;, 
ii.t. .lie. Upper Jiims-ic 



Pachymylus, Brachgntylas, Sm. Woodw. Upper Jurassic ; England. 
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Edapkodon, Bucktand {Passalodon, Buckl. ; Etimt/loilus, Mt/lognathus, Leidy ; 
Dipristis, Marsh; Leptomylus, Cop«), (Fig. 93). Lower dental plates with a 
broad symphysisl facette ; posterior upper dental plates tapering in front, 
truncated behind, and with three tritors. Cretaceous, Eocene, and Oligocene 
of Europe and North America. 

ElamodecUs, Newton {Elasrwgnaikua, Newton, non Gill). Mandibular teeth 
laterally compressed and trenchftnt, with a series of small tritors along the 
oral border. E. wUlelti, Newton, from Lower Chalk, Kent. 

Amylodon, Storms. Lower Miocene (Rupelian) ; Belgium. 

Elasmodus, Egerton. Upper Cretaceous of Belgium ; Eocene of England 
and Prussia. 

Dental plates of the existing genus CaUorhi/nchus, Gronow, have been 
identified from the Cretaceous of Amuri Bluff, New Zealand ; of the existing 
genus Ckimaera, Linn., from the Upper Tertiary of Europe and Java. 

lohtbyodoruliteB. 

Fossil fin spines consisting of dentine or vasodentine, and thus presumably 
referable to the Selachii, are frequently found isolated 
especially in the Palaeozoic formations, and can only be 
in part assigned to definite genera. These are therefore 
described under provisional generic names. Most of them 
are bilaterally symmetrical, and may 
be regarded as median dorsal spines ; 
but several are distinctly rights and 
lefts, and belong either to the paired 
fins, as in Acanthodidae, or to the side 
of the head, as in Menaspis among 
Cochliodontidae. In the un sym- 
metrical spines, the base is, as a rule, 
abruptly truncated ; in the bilaterally- 
symmetrical dorsal spines, on the other 
hand, it is usually elongated and tapers 
to the proximal end. 

Among the Ichthyodorulites not 
yet referable with certainty to definite 
Fio. w. genera or families, the following may 

oii'hiii ii,iai.inni«i. Ag. he enumerated . — 
Bmi'3io^L"ic^iiiigiS!Sd'' (") ■'^lender, bilaterally- symmetrical 
spines, with a smooth base sharply 
separated from the exserted portion ; internal cavity open 
posteriorly towards the base. Probably for the most part 
referable to the Cestraciontidae. Ondvus, Ag. (Fig. 94) ; 
Upper Silurian and Devonian, Europe and eastern North 
America. CtenacatUhus, Ag. (Fig. 95), possibly the fin fjo. m. 

spines of Orodus ; Lower Carboniferous, Europe and North c<™araiii*in iicniim- 
America. Siymacanihus, A%. ; Devonian and Lower Carboni- 'izt Carboni/lrot'i 
ferous. Acondylacanlh-us, St. J. and Worth. ; Asleroplijckius, ]^"^"^^^ m'cSJI""^' 
M'Coy ; Lispacanthus, Davis ; Geisacanthus, St. J. and Worth. ; 
Lower Carboniferous. Lepracanthns, Owen ; British Coal Measures. IVodnika, 
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Miinster; Permian (Kupferachiefer of Germany), {Fig. 96). NemacanHnts, 
Ag. ; Rhaetic asd Lower Jurassic. 

(b) Slender, bilaterally - sym- ■* 
metrical spinea, with little or no 

smooth inserted portion, and in- 
ternal cavity only open at the 
proximal end. Onathacanfhus, 
Davis; Lower Carboniferous, 
Armagh, Ireland. Pri^aainlhus, 
Ag. ; Bathonian, Oxfordshire and 
Normandy. 

(c) Right and left paired spines, 
most probably connected with fins. 
Machaeraeanthus, Newb. (Fig. 97); 

EeUracanthus, 
Newb. ; Hapla- 
canthus, Ag. De- 
vonian ; Europe 
and North 
America, ffura- '^"'' **" 

, , f W<.Uil:a .(ri(U«iD, Hili.st. EiiI»ikhI. Kii|iH-iMlileftt: 

cant hits, Ag. Kiectialsdorr, lleaae. ^, Fin-apine. il, ^hifiwn KnnuletL. 

Lower Devonian 

(Canada) to Upper Carboniferous (Europe and North 
America). 

{d) Paired spines, usually with a 

broad, truncated base, a large internal 

cavity and the outer face tuberculated. 

Probably lateral head spines, as in 

Menaspis among Cochliodontidae. Ora- 

canlhus, Ag. {I'lalyaeanlhus, M'Coy ; 

Pnigeacanlkus, St. J. and Worth. ; Phodera- 

canlhus, Davis.) Carboniferous of Europe 

f and North America (spines already 

observed on either side of head in one 

■* example of 0. armigervs, Traqiiair, from 

Calciferous Sandstones of Eskdale, 

Dumfries). Phijsonemus, M'Coy (Xyslra- 

canthus, Leidy ; Drepanacanthus, Newb.); 

Erismaainihus, M'Coy ; Gampsaeanihus, 

St. J. and Worth. (Fig. 98); Lecra- 

canlhus, St. J, and Worth. ; Dipria- 

catUhus, M'Coy, etc. Lower Carboni- 

Fm, H7. . ^'°' """ ferouB. 

MiuMarra^itikwmaj^, St. juCbi'iIV WortO {«) Spiucs of entirely doubtful posi- 

TOnUnTsiniiaiiirl'ohio! «tonB':''"8r i.onla. '-'*'"■ Cijnopodius, Traquftir. Lower 

1 1 lut. »ii8 (»(wr .Vpk- Mi«Bouri<«n«rat.John CarboniferouB ; Scotland. Eudenius, 

Traquair. Coal Measures ; Scotland, 

England, and Ohio, U.S.A. Slethaaiathas, Newb. Upper Devonian and 

Lower Carboniferous; Ohio, Illinois, and Iowa. 

VOL. II K 
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Sub-Class 2. OSTRAGODERMI. Cope. 

Early Palaeozoic fishes vnth persistent notochord, and endoskdeton not calcified. 
Mandible and arches for paired fins apparently absent, Exoskeleton wdl developed^ 
the head and anterior portion of the trunk usitally covered with plates. Mouth 
with&iU hard parts. 

The Ostracoderms form one of the most characteristic groups of the early 
Palaeozoic fish-fauna ; but their true systematic position is still uncertain. 
Their remains were formerly compared with the armour of reptiles such as 
tortoises, and also with crabs and water-beetles ; while more lately they have 
even been supposed to exhibit resemblances to Arachnids. They were first 
recognised as fishes by Agassiz, and referred by him to the Ganoidei. Unless 
appearances in the fossils are deceptive, they are distinguished from all typical 
fishes, and agree with the Cydostomi in the lack of a lower jaw and of arches 
for paired limbs ; but there seems to be evidence of paired nasal 0{>enings in 
Pterichthys and Bothriolepis. 

Four orders of Ostracophores may be recognised as follows : — Hderostrad, 
Anaspidtty Aspidocephali, and Aniiarcha. In the first, the exoskeleton sometimes 
consists of placoid tubercles of dentine, as in sharks ; in the second the 
tubercles on the head region are never fused. In the more typical Hetero- 
straci, as also in the Aspidocephali and Antiarcha, this primitive armour is 
modified so that the head and anterior abdominal region become invested with 
dermal plates, which are usually as well developed as in modern sturgeons 
and certain bony fishes (Siluridae). The sub-class is restricted to the Upper 
Silurian and Devonian. 

Order 1. HBTBROSTRAOI. Ray Lankester.^ 

Exoskeleton consisting of slmgreeny plates^ or scales, without hone cells ; each fully 
formed plate comprising three supei'imposed layers — an inner " nacreous " layer of 
lamellae, a relatively thick middle zone with num^erous vacuities, and an outer hard 
layer of vaso-deniine. Dorsal sJiield, when present, of few pieces, and orbits wide 
apart, laterally placed. No paired appendages. 

Family 1. Coelolepidae. Pander. 

Head and trunk relatively large and depressed, completely catered with placoid 
tubercles of dentine, scarcely if at all fused into groups ; tJie small, slendej- caudal 
region sharply constricted from tJie hea/l region and distinctly heterocercal. Upper 
Silurian and Lower Devonian. 

The dermal tubercles of genera of this family have long been known from 
the Upper Silurian of England and the Isle of Oesel in the Baltic Sea ; but 
until the discovery of complete specimens in the Upper Silurian of Lanark- 

^ Alth, A. ran, Ueber Pt^^raspU, Cyathaspis, imd Scapha^pis (Beitr. Palaeont. Oesterr.- 
Uiigarus, vol. II.), \^%&.—IIiio-hy, T. 11,^ On Cephalasim aud Plemspis (Quart. Joum. Geol. Soc. 
vols. XII., XIV., XVII.), 1856, 1858, 1861.— A'n^r, H., Ueber CephcUuspis lloydii uud Umsii 
(Haidiuger's Naturw. Abhandl. vol. I.), 1847. — KunUi, A., Ueber Pieraspis (Zeitschr. deutsch. 
geol. Ges. vol. XXIV.), 1872. — LftnlrMer, Jtciy, aud Poicrie, J.. A Monograph of the Fishes of the 
Old Red Sandstone. I. Cephalaspidae (Mon. Palaeont. Soc.), 1868. — /^>e»t€r, Ferd.y Ueber PcUaeo- 
teufhis dunensis (Palaeontogr. vol. IV.), 1856. — Traqvnir^ H. H., Rei>ort on Fossil Fishes, etc. 
(Trans. Roy. Soc. Edinb. vol. XXXIX. Nos. 21, 32), 1899. 
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Fio. 99. 

Thelodus parvident, Ajj. 
Dermal tubercles, nat. Miit* 



r. 



shire, they were commonly supposed to belong to sharks. The latter discovery 
is considered by Traquair to indicate some close relationship between the 
Ostracophores and the primitive Selachii. 

ThdoduSy Ag. {Codolepis, Fachi/lepis, Thelolepis, Pander ; CephaloptemSy 
Powrie; Turiniaf Traq.), (Fig. 99). Dermal tubercles small, quadrangular, 
and nearly uniform. A small dorsal fin near base of 
heterocercal tail. No enlarged ridge scales. T. parvidens^ 
Ag. ; detached tubercles in Ludlow Bonebed and Oesel 
Limestone. T. scoticus, Traq. ; complete skeletons in 
Upper Ludlow, Logan Water, Lanarkshire. T. pagei, 
Powrie sp. ; complete skeleton, Lower Old Red Sand- 
stone, Turin Hill, Forfarshire. (above) and eniar^a. upper 

Lannrkia, Traq. Dermal tubercles are small, pointed, Ludiow. 
hollow spines, not of uniform size. L, horrida, Traq., 
and other species represented by skeletons in the Upper Silurian Passage 

Beds of Birkenhead Burn and 
Seggieholm, Lanarkshire. 

Family 2. Psammosteidae. 
Traquair. 

Dermal armour of head region 
more or less completely fused into large 
plates. External layer of each dermal 
plate forming a tubercular ornament. 
Dermal sense organs not penetrating the 
tissue of the armour. Devonian. 

Psamnwsteus, Ag. {Placosteus, 
Ag. ; Fsammvlepisj Ag.). External 
ornament of very closely arranged, 
rounded, or elongated tubercles 
which are usually crimped round 
the margin. Orbit probably enclosed 
in the shield. Paired spines (of un- 
certain position) broad and tri- 
angular, with a large internal cavity 
and short base of insertion. Large 
ridge scutes on the tail, ornamented 
as the body shield and paired spines. 
P. maeaiulrinus, Ag,,and P. paradoxus, 
Ag., from Upper Devonian, Russia. 
P. taylori, Traq., from Upper Old Red 
Sandstone, Elgin. Other species from 
the Lower Old Red Sandstone of 
west of England, and from Upper 

l>m^.n..pin ffemuendrn^nsis, Hchluter. Re«t«re<l out- DeVOUiaU, Spitzbergen. 
line of ventral aspect, sorface ornament omitted. Lower Drepaivasvis. Schliitcr (rig. 100). 

Devonian ; Gemtinden, 8ifel. m.r, Median ventral plate; tt i • i 'i.\. « !«««« 

p.l, Poatero-Uteml plates; />.r./, Poatero-ventro-lat^Tal Head rCglOU COVCrcd With OUC large 

pUtca ; r. Rostral plates ; z, Orbits. 1/4 (after TraqmiirX ^j^^lan platO, tWO pOStCrO - lateral 

plates, two rostral plates, and intervening small polygonal plates. Tail as in 
Psammosteus. D. gemuendenensis, Schltit., from Lower Devonian, Gemiinden, Eifel. 




Fig. 100. 
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Family 3. Pteraapidae. Smith Woodward. 

Dermal armo ar of head reffion completely fused into large plates. Extemai layer of 

each dermal plate forming an ornament of very fine, coiueiUric, closely arranged jidges, 

paralld wUh the outer margin ; middle layer mth large pdygonai canceUae. Dermal 

sense organs well developed, arranged in canals traversing the middl-e layer of the 

shield and opening by a 
doable series of pores ex- 
" iemally. Ventral shield 

A simple. Tail presumably 

lieterocercal, and scales 
of caudal region, when 
preserved, numerovs ami 
rhomboidal. Upper 
Silurian and liOwer 
Devonian. 

Three genera of this 
familjare distinguished 
according to the com- 
plexity of the dorsal 
shield. The simple 
ventral shield, similar 
in each form, was 
originally mistaken for 
dorsal armour, and 
named Scaphaspis by 
Lankester. 
Ki,i.ioi Pteraspis, Kner 

.<.JI, IVwiiiaroJlraM, Ak. »[•. Lower Old R«! Sandstone (CorTnton«) : (Paloeolevihis, AfckoeO- 

(^..jj,*^;. Hot.!!, Ar. s]..), % Mt- »iM {a(t*r rb)' LunkfrtT). c, Do™i leulhts, t . Koemer), 
?ouUlll'SluSili'("^'Ajihr**'' '""'^ "■*"'■ ™""^ '""" ' '^""^" (f'gs- 101-103). Dor- 
sal shield arrowhead- 
shaped, consisting of seven sefiarately calcified plates — a large central disc ; 



Wr lUj- LsnkMi-i 



a triangular rostral plate in front; a median spine behind; a pair of orbital 
plates, completely enclosing the orbit on either side, and partially inserted 
between the rostrum and central disc; and a pair of lateral coriiua, each 
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pierced by a large, apparently branchial foramen. P. rostrata, Ag. sp. (Fig. 
101), and other species from the Lower Old Red Sandstone of England, 
Scotland, Khenish Prussia, and Galicia; also from the Upper Silurian of 
Galicia, and probably from the Lower Devonian of Spitzbergen. 

FalaeaspiSy Claypole (HolaspiSy Lank, non Gray). Dorsal shield apparently 
simple, without posterior spine ; orbits merely forming notches. P. americana, 
Clay., from Upper Silurian (Onondaga Group), Pennsylvania. F, serkea, 
Lank, sp., from Lower Old Red Sandstone, Monmouthshire. 

CyatlMspiSy Lank. {Diplaspis, Matthew). Dorsal shield consisting of a large 
central disc ; two long and slender lateral cornua, which are notched anteriorly 
by the orbits and pierced further back by the supposed branchial foramen, 
and a short and broad rostral plate. C, hariksi, Huxley and Salter sp., from 
Upper Silurian (Ludlow Bone-bed and Passage Beds) of Herefordshire. C. 
schmidti, Geinitz, from Wenlock Limestone of Isle of Gotland. Other species 
from corresponding formations in Germany, Galicia, and New Brunswick. 
The so-called Scaphaspis ludensis, Salter sp., from Lower Ludlow, Leintwardine, 
probably belongs to this genus. 

Order 2. ANASPIDA. Traquair.^ 

Tubercles only on the head region, not fused into plates ; the calcijications probably 
in part with hone cells. No paired appendages. 

Family 1. Birkeniidae. Traquair. 

External omamenty wlten present, tubercular. Branchial openings a series of 
small perforations laterally placed. One small dorsal Jin ; tail heterocercal. Upper 
Silurian. 

Birkenia, Traq. (Fig. 104). Trunk irregularly covered with deepened 




Fio. 104. 

Birkenia elegans, Traq. Restored outline In side view, about nat. i*ize. 
Upper Silurian ; Ljinarkahire (after Traquair). d. Dorsal fln. 

scales ; a series of large scutes along the ventral border. B. elegans, Traq. 
Upper Silurian ; Lanarkshire. 



Fio. 106. 

La^nnius problematirus, Traq. Restored outline, about nat. »ize. Upper Silurian ; I^narkshire. 
r, Postcephalic rods ; r', Cbain of ossicles ; v.», Ventral scutes (after Traquair). 

Lasanius, Traq. (Fig. 105). Trunk naked, except immediately behind the 

* Traquair, R. U,^ Report on Fossil Fishes collected by the (Jeological Survey of Scotland in tlie 
StturUn Rocks of the south of Scothind (Trans. Roy. Soc. Edinb. vol. XXXIX., with 5 pis.), 1899. 



head, wheie rudiments occur ; a series of large Bcutes along the ventral border. 
L. probletnatieus, Traq. Upper Silurian , Lanarkshire. 

Family 2. Buphaneropidao. Smith Woodwaid. 

j4s Birkeniiiiae, but no terks of brawhial openings. Upper Devonian. 

Kuphanerops, Sm. Woodw. E. liinyaerus, Woodw., the type species, is the 
only known Ostracophore which displays traces of the axial skeleton of the 
trunk. Upper Devonian ; Canada. 



Order a ASPIDOCBPHALI. Brandt' 

(Ostenslraci, Ray Lankester.) 

ExoskeUton consisting of aUdficalioiis, partly with boae cdts; each plate in the 
head region comprising three superposed layers — an iiintr laminated layer with 
spindle-shaped bone celh; a reliitively thick middle layer of polygonal cantellae which 
may he more or less solid tlioagh with a coarse reticulation of targe vascular canals; 
also an outer luird layer of vaso-denline. Orbits close together. -Vo paired 
appendages. 

Family 1. Ateleaapidae. Tmquair. 

Head shield rounded or tapering in front, abntptly truncated behind, consisting 
of hose plates. Body covered with qvadrangvlar scales which are deepened on the 
flank. Tail heterocercai. Upper Silurian. 

Atdeaspis, Traq., from the Upper Silurian Passage Beds of Seggieholm, 
Lanarkshire. The tubercles of the head region are fused together into small 
plates. The genus may be a link between the Heterostraci and Osteostraci, 
but the mic['oscopical structure of the armour agrees nith that of the latter. 

Family 2. Oephalaspidae. Aga^iz. 
Head shield rounded or tapering in front, atrmptly truncated behind ; tnterorbUai 
piece firmly jized ; an ornaiiteid of rouiided or stellate tubercles. Dermal sense organs 
tearing no itnpressiona on the exoskeleton. Body covered with qvadrangnUir scales, 
which are deepened on the fanJc. One smalt dorsal Jin ; tail heteroceixal. Upper 
Silurian to Upper Devonian. 

. Ag. {Eareplwlaspi.s, Hemieyclaspis, Zenaspis, R. Lank.), (Figs. 





106, 107). Postero- lateral angles of shield more or less produced into pointed 
comua, external to a small flexible flap on each side, which is stifTened by 

» Huxl-n. T. a.. On Cephalssi-ia and Ptera8i>i9 {Quar. Jouni. (irol. Soc. vols. XII., XIV., XVII.), 
1856, 1858, 18(11.— £«ni™(rf, K S.. Tlie CephfiUspidse (Monogr. PilaeoiiL Soo.), 1867.69.— 
Schmiilt, Frwlr., Vwlmmll. It. niss. mineral. Gn. 1873 aucl 1886 ; and Bull. Acad. Imp. Sci. 8U 
Prtereb. 1884.— JlnAon, J. V., Die olwrsilnrischen Fiscbe von Oesel I. (Mem. Acad. Imp. Soi. St. 
Pi-tersb., aer. 7. vol. XXXVIII.), 1892 : al)o Bull. Acad. Imp. 18[IG. 
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bony plates, and seems to represent an operculum. Body triangular in trans- 
verse section, the flanks covered with three longitudinal series of deepened 
scales, the middle series deepest. Ventral scales small. Dorsal fin triangular, 
at the base of the heterocercal tail ; membrane of dorsal and anal fins sti^cned 
with very small calcifications which are 
arranged in parallel rows simulating ravs. 
C. lyilli, Ag. (Fig. 106), from Lower Old 
Red Sandstone of Scotland and west of 
England. C. magnifica, Traq., the largest 
known species, with shield measuring 022 
11). across, from Caithness Flagstones. 
Other species from Upper Silurian and 
Lower Devonian of Scotland, England, and 
Canada. One species (6'. luticeps, Traq.), from 
Upper Devonian, Scaumenac Bay, Canada. 

Eukeraspis, Lank. (Scleroilus, Pterlrodtis, 
Ag.). As above, but posterior cornua 
excessively elongated, and a row of twelve 
large " marginal cells " around the rim in 
front. The detached denticulated cornua pio, ,ot. 

were originally mistaken for jaws. E. h«u1 -i.ipia of (V(iiWnip(> ')«"', Ak. i^wpi- 
puslulifera, Ag. sp., from Upper Silurian, 1^1',',,^' j^'"'"'™" '• Hen-run iHiiir^ <«ftpr l«u. 
Herefordshire. 

Thyestes, Eichw. (Awheiuispis, Egerton). Head shield as in Cepluilaspis, but 
three or four series of dorao-lateral scales fused into a continuous plate 
immediately behind it Body depressed, ovoid in transverse section. Known 
species very small. T. verntwsas, Eichw., from Upper Silurian, Isle of Oesel. 
So-called Aachenaspis from Upper Silurian and Lower Old Red Sandstone 
Passage Beds of Herefordshire. 

Family 3. Tremataspldae. Smith Woodward. 

Head shield rotmded cr tapering injront, fused with tlie dorsal body-shield, which is 
Irunc'ited behind; interorbitai piece wti fixed. Upper Silurian and Lower Devonian. 

Tremataspia, Schmidt. Dorsal shield rounded in front, gently arched, 
without cornua; ventral shield simple. External surface covered with 
punctate ganoine, the punctations often arranged in reticulating lines ; 
superficial tuberculations almost or entirely absent Two pairs of large 
openings laterally placed in the anterior half of the dorsal shield are in- 
terpreted by Smith Woodward as occurring in the roof of the branchial 
chamber, covered over during life but ensuring flexibility. Ventral aspect 
immediately behind the position of the mouth covered with a number of 
symmetrically arranged polygonal plates, between which and the great ventral 
plate of the trunk is a transverse aeries of nine small openings on each side, 
probably of branchial nature. Tail covered with rhombic and polygonal scales, 
which have been named Dasi/lepis, Diftyotepis, Melittomalepis, and Stifimolepis 
by Pander. T. schrenki, Pandei" sp., and other species in the Up|)er Silurian, 
Isle of Oesel, Baltic Sea. 

Didifmaspis, Lankester. D. i/rimlni'li, Lank., from Lower Old Red Sand- 
stone, Ledbury, Herefordshire. 
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Order 4. ANTIAROHA. Oope.^ 

Deiinal armour fused Mo large plates on the head and abdominal region, Exo- 
skeleton consisting of calcijications with hone corpuscles^ and invested with a more oi' 
less continuous layer of ganoine. Dermal sense organs occupying open grooves on the 
exoskeleton. Dorsal and ventral shields consisting of several symmetrically arranged 
pieces, and the head articulated with the trunk. Orbits close together. A pair of 
paddle-like pectoral appendages, invested in dermal plates, articulated with the 
anterior ventro-lateral plates of the trunk. Median fins not continuous. 

The bony plates gf the Antiarcha consist of three layers with numerous 
bone cells, the middle layer traversed by large canals and lacunae, while the 
outer and inner layers exhibit a more compact texture. 



Family 1. Asterolepidae. Traquair. 

Exoskeleton robust and tuberculated. Dorsal and ventral shields of trunk firmly 
united by the lateral plates, Interorbital piece not fixed, A pair of paddle-like 
appendages, completely encased in dermal plates, mombly articulated by a complex 
joint with the anterior ventro-lateral plates of the trunk. Tail heterocercal, and one 
small dorsal fin. Devonian. 

Pterichthys, Ag. {Pterichthyodes, Bleeker), (Figs. 108, 109). From 3 to 20 



ji 





Fio. lOS. 

Pterirkthus milUri, Ag. Restoration fh)Tn above (.4), below (B), and in side vit-w ((*). Lower Old Red Sand- 
stone ; Scotland, ap, Pectoral api)endaKe8 ; j, Articulation ; op, Operculuni ; orb, Orbit (after Traquair). 

« 

cm. in Ifength, with a small head, which is rounded in front, a broad and deep 
trunk flattened below, and a scaly tail. The upper surface of the head is 

' Pander^ C. H.y Die Placodermen des devon isch en jSy stems. St. Petersburg, 1857. — Traquair, 
R. H.y Ann. Mag. Nat. Hist. ser. 6, vol. IL 1888 ; and Mod. Palaeont. Soc., 1894, 
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covered with four pairs of lateral plates and four unpaired median plates, 
which are united by straight Butures, On the lower surface the cleft for the 
mouth is bounded in front by a pair of transversBly elongated plates, whicfa 
are sometimes supposed to represent the upper jaw. Behind the cleft a pair 
of smaller plates occurs fixed to the front of the abdominal shield. The 
trunk is armoured above by two ^ 

large median and two pairs of 
lateral plates ; on its ventral surface 
four large ventro- laterals surround 
a small rhombic ventro - median 
element. The ventro-laterals are 
sharply bent upwards and outwards 
near their lateral border to take 
part in covering the flank. Both 
the head plates and the dorso-lateral 
plates of the trunk are traversed by 
sensory grooves, those of the head 
being united by two parallel com- 
missures. The two hinder lateral 
plates of the head and the adjoin- 
ing body plates have bevelled edges, 
BO that the former overlap the latter. 
The anterior median dorsal plate of 
the trunk somewhat overlaps the 
lateral plates, and is overlapped 
behind by the border both of the 
posterior dorso-laterals and of the 

posterior median dorsal plate. The / 

orbits occur at the two ends of a 

transverse cleft on the upper sur- ^ — 

face of the head, and are separated 

by a quadrangular median plate (os p,^ ,p^ 

ivixam or o& pineaie), which exhibits /vrtdwi,«i iuum, ak. \«^t om ite-i s-ndston^; 
a small deep pit on its mner face. ^'Si';^^^i,rtl'rE'^tton" '"""'"''■''''"'" "'"■ 
The two anterior ventro - lateral 

plates of the trunk are provided in front with an articular hollow on each 
side, in which are fixed the armoured paddle-sha|>ed pectoral appendages. The 
latter do not reach the hinder end of the body shield, and exhibit one trans- 
verse articulation (j) at about their middle. The tail iB covered with thin, 
rounded, or six-sided, overlapping scales. The single dorsal fin is small. 
The tail is heterocerca), with large fulcral scales on its upper border, and the 
fin membrane confined to the lower lobe. F. mUleri, Ag., and other species 
represented by complete but usually ill-preserved examples in the Lower Old 
Red Sandstone of Scotland. Fragments in the Middle Devonian of the Eifel. 
AsieroUpis, Eichw. (Nareodes, Odonlacanlhus, Ag.). As Plerkklkys, but often 
larger, and the anterior median ilorsal plate overlaps both the anterior dorso- 
laterals and the posterior dorso-lateral plates. Chiefly represented by detached 
plates in the Devonian of N.-W. Russia and in the Upper Old Red Sandstone 
of Scotland. More doubtful fragments from the Devonian of Bohemia, the 
Eifel. East Greenland, and Australia. 
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Microbi'dchiuSy Traquair. M. dicki, Traquair, from Lower Old Red Sandstone, 
Caithness and Orkney. 

Bothriolepis, Eichw. {Pamphradus, Placothorax^ HomothoraXj GlyptosUus, Ag.). 
Armour nearly as in Pterichthys, but the j)ectoral appendages reaching back- 
wards beyond the body shield, and the hinder mucous canal commissure on the 
head V-shaped. Tail unknown, probably not scaly. An Upper Devonian 
genus, known from N.-W. Russia, Scotland, England, Canada, and Penn- 
sylvania. Remarkably fine examples of the armour of B, canadoisiSj "Whit- 
eaves, 0*20 m. in length, from Scaumenac Bay, Province of Quebec, Canada. 

? Ceraspis, Schliiter ; Bdemnacanthus, Eastm. Middle Devonian ; Eifel. 

Incertae Sedis. 

MacropetalichihySy Norwood and Owen. Plates of cranial shield fused 
together in adult ; orbits completely enclosed in the shield ; sensory canals 
forming large tubular excavations in the bone, opening at the external surface 
by a continuous narrow slit or a series of pores. Jaws and other parts of 
the skeleton unknown. Middle Devonian (Corniferous Limestone) ; U.S.A. 
Also Upper and Lower Devonian of Eifel. 

Asterosfeiis, Newb. Known only by the flattened and elongated cranial 
shield, which has the constituent elements fused in the adult. Orbits placed 
far forwards and forming broad notches. Corniferous Limestone ; Ohio. 



Sub-Olass 3. ABTHRODIRA. Smith Woodward. 

Early Palaeozoic fishes with persistent notoclwrd^ and endoskeleton superficially 
calcified. Head and trunk armoured with symmetrically arranged bony plates, some of 
which are traversed by sensory grooves ; head shield movably articulated by a pair of 
ginglymoid joints with the body shield. Paired fins rudimentary or absent. 

The Coccostean fishes were originally grouped by M*Coy with Asterolepis 
and Pterichthys in the " family Placodermi," and they are included by Pander 
in his " Placodermen." The resemblance between their jaws and those of the 
existing Dipnoi was pointed out by Newberry and Traquair ; and they were 
provisionally regarded as an order of Dipnoi by Smith Woodward. Dean 
elevates them to the rank of an independent class, removing them from Pisces 
on the ground that their jaw elements are merely dermal ossifications, and 
are not articulated with the skull. 

Family 1. Coccosteidae. Smith Woodward.^ 

Head shield c/)mprising three pairs of lateral plates, one large median occipital 
plate, ami two symmetrical pairs of plates in front of the latter, the foremost pair 
surroumling one or two sniall median plates, Orlnts lateral ; nasal openings small 
ami far forwards ; dental plates movable, toothless, or provided with cusps of dentine. 
Trunk with a large median dorsal plate often bearing a longitndinal median keel on 
its wider surface ; also two pairs of lateral plates, the anterior with a pair of articular 

* Traquair^ R. 11.^ On the Stnicture of Coccosttit^ (Uxipiens^ Ag. (Auu. Mag. Nat. Hist. ser. 6, 
vol. V. p. 125), 181*0. — Ucaiu B., Palaeontological Notes (Mem, N. Y. AcatL Sci. vol. II, pt, 3), 
1901. — Enstmniu, C. 7?., Some new points in Dinichthyid Osteology (Amer. Nat. vol. XXXII. p. 

747), 1898. 
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proetssts for union with the head shitld. Ventral body armour comprising Iko or 
three pairs of lateral plates and (wo small unpaired inedian plates. All external 
plates tnore or less luberadaled. Dorsal fin small ; anal fin utikiMvm ; tail, dipfiy- 
eercal or heteror^rcai. Devouian. 

Coccostetis, Ag. (Lio^iathiis, Newb.), (Figs. 110, 111). Head and trunk 
broad, the dermal platea covered with Btellate tubercles. Cranial plates united 
by sutures, not fused. Orbit forming a notch in tbe anterior part of the 
lateral border of the shield ; a bony sclerotic ring present. Besides the 
"maxilla" and "premaxilla," one or two inner pairs of dentigerous bones also 
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present in the upper jaw. In front of the ventral body shield occur a jwir 
of transversely elongated slender plates, perhaps representing the pectoral 
arch ; a small pectoral spine, but never any traces of pectoral fins observed. 
Ribs absent. Dorsal fin short-basod. Tail destitute of scales. Nearly com- 
plete but imperfectly preserved skeletons of C. decipiens, Ag. {Figs. 110, 111), 
occur in the Lower Old Red Sandstone of Scotland. Fragments of other 



species in the Upper Devonian of England, Ireland, Germany, Russia, and 
Canada. Also from Cornlferous Limestone (Middle Devonian), Ohio, U.S.A. 

Brachydirus, v. Koenen. Considered by von Koenen to differ from t'txro- 
sieus in the presence of a pair of hollow spines which perhaps represent 
pectoral fins. Upper Devonian ; Bicken, Nassau. 

thiydaenaspis, Traqnair. Lower Devonian ; Canada, west of England, and 
Russian Poland. Aranthaspis, Newb. Lower and Middle Devonian ; U.S.A. 

Clidyophorus, Ag. Upper Devonian ; Russia. 

Dmiddhys, Newberry (Fig. 113). Very large, the head sometimes 
measuring 1 m. in length and 07 m. in breadth. Median occipital plate sub- 
triangular with [iromiuent median process behind ; lateral occipital plates with 
very deep articular sockets for the reception of the process on the antero-dorso- 
lateral platea of the body shield. Orbit forming a notch as in Coccoslrus. Pre- 



maxillae and symphysial end of mandibular bouee with a pair of etout cusps or 
beaks, and the trenchant margin behind these sometimes toothed. Median 
dorsal plate very thick, often over 0'6 m. long aud broad. Antero-dorso-lateral 
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Upper Uevonlin (Huron Sitlm) ; UeUiniP, Ohio (after Newberry), 



plate overlapped by the large " clavicular." Several species in the Middle and 
Upper Devonian of Iowa, WiBconsin, Ohio, New York, and Canada; others 
in the Devonian of the Eifel, 
Bohemia, and Russia. 

Tilanichthys, Newb, Cranial 
shield very large, thin and 
flattened, arrangement of plates 
closely similar to that of Din- 
ichthys. Jaw elements much 
r(jduced, edentulous, probably 
sheathed in horn. Dorso-median 
without an inferior longitudinal 
keel, deeply emarginate in front. 
Antero- and postero-dorso- laterals 
fused, articulated to the cranial 
shield by a long hinge, and over- 
lapped by the large claviculars. 
T. affossbi, N., has a horizontal 
expanse of 1*9 m. across head- 
ahield and claviculars. Cleveland 
Shale (Upper Devonian) ; Ohio. 

Homostfus, AsmuBS. (Fig. 113). 

Very large fishes, broad and de- 

i,m nj pressed. Orbits completely en- 

AmNiiiiHs iHiNrri, Tn>c|. Ci*nf«i uidUurwi ihieid.i/giiat. closed in the head shield; jaws 

5!^:„.^.?rf[-2L'l.'!3','?'J,Vi1i^^LSf5!rir,„tBt^^ slender and toothless. Median 

i; ilk(, Median occipitai plate antero -posteriorly 

piiiom pute elongated ; median dorsal plate of 

"""""" the trunk broader than long. ff. 

milleri, Traq., from Lower Old Red 

Sandstone, Caithness and Orkney. Other species in Upper Devonian of 

Livonia. 

HderosUiis, Asmnse. Nearly resembling Homosleus, but larger, and anterior 
dorso-lateral body plates with an enormous anteriorly direct^ process which 
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clasps the head shield on each side. H. asmussi, Ag. sp., common in Upper 
Devonian of Livonia, but known only by the massive detached plates. 

AspidichthySy Glyptaspis, Trachosteus, Newberry ; Anomalichthys, v. Koenen ; 
AsteropldXy Sm. Woodw, Devonian. 

Mylostorruiy Diplognathus, Newberry ; Sdenosteus, Stenosteus, Dean. Upper 
Devonian (Cleveland Shale) ; Ohio. 

Most of the genera enumerated on this and the preceding page are 
' regarded by Dean and others as types of distinct families. 

Sub-Glass 4. DIPNOI, MtOler.^ Lunsr-flshes. 

Skeleton partially ossified, with nwmerous well-developed membrane bones. Fiery go- 
quadrate arcade completely and immovably fused with the cranium ; gill clefts feebly 
separated, opening into a cavUy covered toith a bony operculum. Faired fins paddle- 
like, with a long, segjnented cartilaginous axis (archipterygium of Gegenbaur) ; tail 
diphycercdl or heterocercal. In the living forms — optic nerves not decussating, but 
forming a chiasma, bvlbus arteriosus of the heart with numerous valves, intestine with 
a spiral valve, and air-bladder lung-like. 

The internal skeleton of the Dipnoi is chiefly cartilaginous, but the upper 
and lower vertebral arches, thQ ribs and fin-supports, all exhibit some tendency 
towards ossification. 

The Dipnoi differ so much from all fishes, in the modification of the air- 
bladder into a single or double elongated sac with numerous cellular spaces, 
which serves as a lung and is connected by a short tube with the anterior 
wall of the gullet ; moreover, in the peculiar characters in the structure of 
the heart, in the presence of internal narial openings, and in the possession 
of the faculty of existing for a considerable period out of water, that they 
have often been regarded as fish-like Amphibia or scaly Sirens. The discovery 
of the "Barramunda" (Ceratodus forsteri) in the rivers of Queensland confirmed 
the idea of their relationship to the Palaeozoic Crossopterygians previously 
suggested by Huxley. Nevertheless, they are distinguished from these and 
from all other Ganoids and Teleosteans by the autostylic arrangement of the 
jaws. They are divided into the two orders of Ctenodipterini and Sirenoidei. 

Order 1. CTENODIPTERINI. Pander. 

Cranial roof bones small ami numerous. Bays of median fins very fine, much 
more numerous than their supports, which are directly apposed to the vertebral arches. 

Family 1. XJronemidae. Traquair. 

Upper dentition comprising a cluster of small, blunt, conical denticles on the 
palatine bones ; lower dentition of similar denticles on the spleniaL Median fins 
continuous and tail jliphycercal. Lower Carboniferous to Lower Permian. 

' OUnther, A., Description of Ceratodus (Phil. Trans, vol. CLXI.), lS7l-72.—HvxIfi/, T. If., 
Proc Zool. Soc 1876, p. 24. — Miall, L. (J.y Monograph of the Sireuoid and Crossopterygiau Ganoids 
(Palaeont. Soc), 1878. — Pander^ C. //., Ueber die Ctenodipterineu, etc., de« devonischen Systems. 
St. Ptetersburg, 1858. — Traqiiair, R. H.^ On the genera Diptenis, Palaedaphus, Holodvsy and 
(Jfuirodus (Ann. Mag. Nat Hist. ser. 4, vol. XVII.), 1878 (also ibid. ser. 6, vol. II.). — Teller, F., 
Ueber Ceratodus sturi (Abh. k.k. geol. Reichsanst. Wien. vol. XV.), 1891. — Zittel, K. A. ron^ Ueber 
Ceratodus (Sitzungsb. k. bay. Akad. Wiss., raath.-phys. CI.), 1886. 
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Uronemus, Ag. {Ganopridodus, Traq.). Body laterally compressed, with 
small and very thin scales, which are faintly striated. Paired fins acutely 
lobate. Dorsal fin arising shortly behind the head. U. lobatw, Traq., from 
Ijower Carboniferous {Calciferous SandstonesX BurdiehouBe, near Edinburgh. 

Conchopoma, Kner. Lower Permian ; Bhenish Prussia. 

Family 2. Otenodontlda«. Traquair. 

A pair of denial plaits on the palatine bones, and an opposing pair on Ike 
splenials ; tliese plates usually retaining traces of their componerU denticles. Jugular 
plates usually present. Tail diphgcercal or keterocercal. 

Diptertis, Sedgw, and Murch. (Catopterus, Pdyphradus, Ag.), (Figs. 114, 
11!)). Small fishes. Bony plates of head covered with punctate gaiioine, 
but cranium apparently quite cartilaginous. Base of cranium covered with a 
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broad, rhombic parasphenoid {PSpk), which is flanked on either side by a 
pterygo- palatine (/") extending forwards into a triangular pointed plate, 
which serves as base for a largo triangular tooth (d) bearing tuberculated 
^ radiating ridges. The two palatine bones meet in 

the middle in a straight line. The mandible is com- 
pletely ossified, with a single, large dental plate on 




Bfrt-it TuilstB (rsah, l>a™s].lii.poiil ; I', PtHryno-pnlnliiio, iircWsntol'ly diiiile.1 ii'ito two meee!K bpliiml by a 
l.rokHii lii.R ; d, Mntlne tojlli). '.', Iinpwteol umuaitile ivitli Mntli {tl), afliT Pnml-T). 

the splenial of each side, and its tuberculated ridges radiating fan-like from 
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within outwards. Two pairs o£ jugular plates. Paired fins acutely lobate, 
the pelvic pair remote and opposed to the anterior of the two dorsal fins ; 
anal fin opposite the posterior dorsal ; tail heterocercal. Trunk and fins 
covered with thick, deeply overlapping scales, which are nearly rhombic in 
their exposed portion and invested with punctate ganoine. Complete, but 
mostly flattened and distorted examples of Dipterus are not uncommon in the 
Lower Old Kod Sandstone of Northern 
Scotland. Dental plates very abundant 
in Middle and Upper Devonian of central 
and eastern United States. 

SeaHmettacia, Traq. Upper Devonian ; 
Canada. 

PluiiuropUuroa, Huxley (Fig. 1 1 7). 
Upper dental plates triangular, with 
straight and crenulated radiating ridges. 
Long dorsal fin continuous with the 
caudal, but small anal Hn separate. 
Scales very thin and cycloid, marke<l 
with delicate radiating striae. P. aruln- 
soni, Huxl., known by well-preserveil 
apecimeoB from Upper Old Ked Sand- 
stone, Fifeshire. 

Palaedapkus, van Beneden {Ilelioduii, 
Newb.), {Fig- 118)- Only known by Fio. iix. 

mandible and detached denUl plates. In «i'th"»utar'i^'u^'';''n*"'lHr;. cJ2 m'^u™"! 
P. insymis, van Ben. and de Koninck, each >'«»'"«"'> Kiirthiiiiiberiiuii («ii*t n^uiiek Bn<i 
lower dental plate, measuring 0-17 ni. 

in length, bears four smooth, obtuse radiating ridges. Upper Devonian ; 
Belgium and Pennsylvania. 

CiinchodHs, M'Coy ; Synihelodus, Eastman. Devonian. 

Ctenodtts, Ag. (Fig. 116). Hinder border of cranial roof with one median 
occipital plate, with a pair of plates immediately adjoining in front. Dental 
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; Dura Ufp, Fifeshire. 



plates with numerous tuberculated or crenulated radiating ridges. Dorsal 
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atid anal fins continuous with the caudal, which is d iphy cereal ; scales very 
large and thin, without a ganoine layer, almost quadrate in shape, but with 
^ rounded angles ; marked more or less 

distinctly with reticulations, as in 
Cerattxlus. Dental _ plates common 
in the Carboniferous of Europe 
and North America ; fine portions 
of skeleton in the English Coal 
Measures. 
I Sagenodui, Owen (Megapleuron, 

Gaudry; Ptyonodvs, Cope). As 
Ckiuxlus, but dental plates with fewer 
ridges, and median occipital plate 
with another unpaired plate im- 
mediately in front of it. Scales and 
dental plates common in the Carboni- 
ferous and Lower Permian of Euroi>e 
, , , , , ^'"' '.I** , . . „ ,. a"d North America ; fine skeletons in 

P«!imlaph«t iuiridiiti, vsu BenwlPu iml de Koinnck, ., » t. ■ t t> l ■ a 

imusrisrt msniiihii?. Vt "Kt. aiie. Devonimii ; Ur^x. the LowBr li'eruiian of Bohemia and 

• . TdocIi; '', LKntary; ay, Hpletiliil ; v, Luteml rosin -n 

Order 2. 8IBENOIDEI. 

Cranial roof boMS larye and few. Sat/s of nmlioR Jins very fine, much more 
ititinerous than their supports, which are directly apposed to Ihe vertebral arches. 

Family 1. LepidoBirenidae. 

A pair of dental plates on the paiatine bones, aitd an opposing pair on the 
spleniah ; also a pair of wnall cutting teeth on the I'onw. Jugular plates absent. 
Median fin continuous, and tail diphycercal. Body covered wUh thin, elastic, cycloid 
scales withovi a bony basis. Triaesic to Recent. 

Of the three genera referable to this family, Lepidosiren lives in the tropical 
swamps of South America, Protopterus in those of Africa, and Ceratodus in the 
rivers of Queensland. 

Ceraiodus, Kg. (Fig- 119)i is covered with large, thin cycloid scales; the 
dorsal and anal fins are continuous with the diphycercal caudal. The pectoral 
and pelvic fins arc fringed with membrane stiffened by fine rays. The upper 
vertebral arches, spinous processes, ribs, and fin supports are encased in thin 
bony sheaths. The flattened roof of the skull consists of two large median 
plates, one behind the other, and two pairs of lateral plates. On the lower 
side of the chondrocranium there occurs the long parasphenoid (PSph), with 
its rhombic anterior expansion flanked on either side by the pterygo-paiatinea 
(PI). The latter bones meet in a median suture iu front, and each bears a 
large triangular dental plate (d), with radiating ridges. The vomerine carti- 
lage (Fo) bears a pair of sharp, chisel-shaped teeth (tf). On the splenial of 
each ramus of the mandible there is also a dental plate with deep, radiating 
ridges. The opercula, sub-opercula, hyoid bones, and branchial arches are 
ossiticd ; the qua<lrate remains cartilaginous. 

In the living Ceratotlus (Epiceratodus, Teller), the upper and lower dental 
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plates bear Bix ridges radiating outwards. The corresponding plat«s occurring 
in the TrJae, namely, in the bone beds of the Muechelkalk, Lettenkofale, and 
Khaetic, are diatingulehed by their larger size and a different number of ridges. 
Aa a rule, the upper dental plates exhibit five, the lower ones only four 
radiating ridge*. The oldest known species (C. arenaceus, Quenst.) was 
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obtained from the Bunter Sandstone of Wurtemberg j the latest, which are 
the smallest, are discovered in Europe iu the Bathonian of Stonesfield and 
Northampton, England, in North America in the Upper Jurassic of Colorado. 
Other examples occur in the Kota-Maleri beds of India, in the Karoo 
Formation of South Africa, and in later deposits in Patagonia. A well- 
preserved skull of C. sturi has been described by Teller from the Upper 
Keuper of Polzberg, near Lunz, in Lower Austria. 



Sub-Class 6. OANOIDEI. Aj^assiz.' Eoaniel-scaled Fishes. 

Trunk and tail uffuatly covered with ganoid seaies, rarely naked or with licniy 
plates. Skull covered viith dermal bones, or completeUj ossified ; pterijgo-qaadrate 
arcade movoUy artieuiated viilk the cranium (hyoslylic) ; gill clefts feebly separaleil, 
opening into a cavily covered with a bony operculum. Fertebral column cartilaginous, 
OT with various lUgrees of osdfication. Fin niys articulated, ami fulcra usually 

> O/pe, E. D., Trans. Amar. Pliil. Sac. vol. XIV. 1871, p.' 445 ; and Amer. Nat. vols. XIX., 
XX., XXI., XXIll. (1885-8B).— Hiij-fcji, T. H., PrelimiQary Eiwiiy upon the Syslaniatic ArrangB- 
luenl of the Fiahea of the Deionian Epoch (Mem. UmiI. Surv, dec. X.), \&6i.~~Kner. H.. Betrath 
tiingeo uli«r ilie Qanoidea ala natiirlkhe Orduuug (Sltznngsli. k. Akai). Wiss. Wieu, niath.-nntiirw. 
CI. TOl. LIV.), \%W. — Lilt'u. C/ir., Ueber Jif Begreoiuni; uuil EintlicUung der Onuoiden 
(Palneontogr. vol. XXII.), iSaS.—MiUler. Joh., UeUr den Bau nnd die Greiiien der Ganoi.len 
(Abliatiill. k. Akad. Wlsa. Berlin, 1SS4). \S36.—Traiiuair, R. n.. Tile Ganoid FIhIich of tha Britiiih 
Carboniferous FormntionH. I, Palaeonisciilne (Pnlaeont. Soc,), 1877. No. 2. 1901.— Vcgt. C. QuelquM 
Obiervationi qui aerrenC a la ClnwiGcatiou dei> Gsuoidea (Ann. Uti. Nal., Zoot. ser. 3, vol. IV.}. 
VOL II F 
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present. Paired fins well developed , tail diphycercal^ heterocercal, or hemi-heterocercal. 
In the living forms — optic nerves not completely decussating hut forming a chiasma, 
bulbus arteriosus of the heart with numerous valves^ intestine with a spiral valve^ and 
air-bladder connected by a tube with the gullet. 

When founding the " order " of Ganoids, Agassiz paid attention exclusively 
to the dermal skeleton, and included under this denomination all fishes with 
scales which consisted of a bony lower layer and a superficial covering of 
enamel. 

Johannes Miiller first attempted to define the Ganoids from anatomical 
characters. After the removal of the Plectognathi, Lophobranchii, and Siluroids 
recognised as true bony fishes, and after the assignment of Lepidosiren to the 
Dipnoi, there still remained as true Ganoids a large number of recent and fossil 
fishes, which, according to Johannes Miiller, formed a distinct sub-class between 
the Selachii and the bony fishes. While the condition of the muscular bulbus 
arteriosus, the incomplete decussation of the optic nerves, and the spiral valve 
in the intestine agree with the former, the arrangement of the head bones, the 
structure of the fins, and usually also the ossification of the skeleton, are 
suggestive of the bony fishes. After C. Vogt had recognised in the 
anatomical structure of Amia a true Ganoid, with thin elastic cycloid scales 
and a completely ossified skeleton, the line of demarcation between the 
Ganoidei and Teleostei seemed to have been absolutely destroyed. Kner, 
Thiolliere, Owen, and more recently Cope and Smith Woodward have ventured 
still further, suppressing the Ganoidei as a separate group, and uniting its 
members with the Teleostei under the general denomination of Teleostomi, 

The most conspicuous, even if not the distinctive feature of the Ganoids, 
consists in their dermal covering. No other sub-class of fishes possesses scales 
which consist of a thick bony inner layer and an outer enamel layer. In no 
other group is there a union of scales by peg-and-socket articulations, such as 
is characteristic of the rhombic-scaled Ganoids. There are, however, ganoid 
scales of rounded form, which overlap each other exactly like cycloid and 
ctenoid scales, and which are sometimes not perceptibly thicker than the 
latter ; but these rounded scales {Caturus, MegalnruSy Macrorhipis, Amia) exhibit 
beneath the enamel covering an inner layer with bone dells, though sometimes 
its thickness is excessively reduced. The Spatularias are characterised by 
the complete absence of scales, except on the upper lobe of the tail ; in the 
Sturgeons the body is partly covered with large bony plates. 

The structure of the internal skeleton of the Ganoids is of special interest, 
notably that of the vertebral column. In some Chondrostei (Adpeiiser) the 
vertebral axis, with its arches and spines, remains completely cartilaginous ; but 
in Spatularia, the older Crossopterygii, almost all Heterocerci and Pycnodonts, 
and part of the Lepidostei, there is a partial or complete ossification of the 
arches, spinous processes, and supports of the median fins, this beginning at 
the surface and extending inwards, so that a cartilaginous core is usually 
surrounded by a hollow bony cylinder. These are termed ** naked vertebrae " 
{XacMwirbel)y (Fig. 120), in contradistinction to the so-called ** hemi- vertebrae " 
(Halbwirbel), and **ring vertebrae" {HMwirhel). In the first (Fig. 121) there 
develops below the notochord a horseshoe-shaped bony plate (hypocentnim, 
intercentrum), to which the haemal arches in the caudal region are fixed ; the 
upwardly directed side-pieces of these hypocentra are mostly attenuated and 
pointed. The vertebral centrum proper is represented by a pair of lateral 
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bony plates (pleurocentra), which are usually pointed below and frequently fused 
together doraally, thus forming a second horsBshoe-shaped half-ring. According 
to their size the hypocentra and pleurocentra more or less 
completely surround the soft, unsegmented notochord. 
Sometimes when the upper and lower lateral pieces do 
not taper but continue of uniform width, and meet together 







durgally and ventrally, they form two half-rings, which completely enclose the 
notochord (Fig. 121). In many genera {BuTi/cormus) the anterior abdominal 
region cOTisiats of half vertebrae, while the caudal region eonaista of ring 
vertebrae, which are composed of two halves (Fig. 122). By the complete 
fusion of the two half rings, there arise simple, sheath-like ring vertebrae 
(Fig. 122). In the Amiidue the vertebral centra of the abdominal region 



; !•«■', Hrpuc-n 



tlfid^-rhtinrkllt,*p^ ChuIiI 



are completely ossiHed and amphicoelous, while some of those of the caudal 
region are atill divided into two halves, which correspond with the hypo- and 
pleuro-centra of the Lepidostei (Fig. 122, B). 

The complete ossification of the vertebral column, as in the bony fishes, is 
observed only among the latest representatives of the Ganoids, namely, the 
Polypteridae and the Lepidosteidae. Among the latter, moreover, the verte- 
bral centra are oulv concave behind, convex in front (opislhocoelous). 

The hinder end of the vertebral column is always produced into the caudal 
fill. The true diphyamil condition (see p. 8) tonstantly persists in some 
Croaaopterygians (Coelacanthidae) and Chondrosteans (Belonorhynchidae). In 
most C rosso pterygians the caudal fin is ketfro-diplu/ceiral, that is, the vertebral 
cuUimn extends straight, but the rays of the upper lobe of the fin are more 
()elicat« and shorter than those of the lower lobe. True lieterocereij and 
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hemi'heterocercy (internal heterocercy, external homocercy, see p. 10) are very 
common. 

In many Ganoids the unpaired fins, and sometimes also the paired fins, are 
fringed on the anterior border with the so-called fulcra — scale-like spines or 
plates covered with enamel, which are serially arranged and partly overlap 
one another. All the fin rays consist of two (right and left) halves, and are 
transversely jointed, usually also branched dis tally. 

Like the vertebral column, the skull also exhibits very variable degrees of 
ossification. In the cartilaginous Ganoids this is almost exclusively confined 
to a number of investing plates on the cranial roof and the basicranial axis. 
The pterygoid and palatine bones are still fused together ; the mandible and 
parts of the hyoid apparatus are ossified ; the opercular apparatus is feebly 
developed. In the Crossopterygii, Heterocerci, and Lepidostei the ossification 
closely resembles that of the Teleostei, while the number and arrangement of 
the several bones agree essentially with the corresponding features in some of 
the least specialised members of the latter sub-class. 

In the structure of the pectoral arch, and especially of the anterior limbs, 
the various orders of Ganoids exhibit considerable differences, and represent 
intermediate links between the Dipnoi, Selachii, and TeleosteL In the 
Crossopterygii, Chondrostei, and Heterocerci the clavicle still consists of three 
separate membrane bones ; while in the Lepidostei and Amioidei the lower 
segment (infraclavicle) is completely fused with the clavicle. The small 
structures behind and within the clavicle, corresponding with the scapula, 
coracoid, and precoracoid remain cartilaginous in the Chondrostei, probably 
also in the fossil Crossopterygii ; in the remaining Ganoids, on the other hand, 
they are ossified exactly as in the Teleostei. Moreover, with reference to the 
position and number of the basal supports in the pectoral fins, most Ganoids 
agree with the bony fishes; the earlier Crossopterygii alone possessed a 
segmented cartilaginous axis, with biserial radialia, as in the Dipnoi. 

Besides the anatomical characters in the dermal covering and the internal 
skeleton there are still others indicating that the Ganoids are a natural group 
of fishes. For example, the somewhat elongated muscular base of the principal 
artery (bulbus arteriosus) is provided internally, as in the Selachii, with several 
rows of valves, which prevent the return of the blood from the artery to the 
auricle of the heart. The gills, on the other hand, as in the Teleostei, always 
lie free under an operculum, which usually consists of several bony plates. 
Again, by the possession of a spiral valve in the intestine, as well as in the 
structure of the urinogenital system, the Ganoids approach the Selachii more 
closely than the Teleostei ; on the other hand, they all possess an air-bladder 
opening into the gullet, and also produce numerous small eggs. By the 
complete decussation of their optic nerves, the Teleostei are distinguished from 
the Ganoidei, in which the branching optic nerves form a so-called chiasma. 

The Ganoids exhibit their greatest development in Palaeozoic, Triassic, 
and Jurassic formations ; and from the base of the Cretaceous system upwards 
they become more and more replaced by the bony fishes. The few still 
existing Ganoids live either excluwvely, or at least partly, in fresh water, 
while the large majority of the fossil forms occur in purely marine deposits. 
As a rule, only the Tertiary Ganoids occur in freshwater formations. 

The Ganoidei may be divided into five orders: — (1) Crossopterygii; (2) 
Chondrostei; (3) Heterocerci; (4) Lepidostei; (5) Amioidei. 



Order 1. CROSSOPTEBTOII. Huxley. Fringe-finned Qanoids. 

Notochord persisltnt or vertebrae ossified. Tail diphyeercal or hetero-diphy cereal. 
In/raclavide present. Paired fins with a scaly ans fringed on both sides by dermal 
rays. Branehioslegal apparatus between ike rami of the mandate amsisling of a 
pair of large jugular plates, these in mant/ Palaeozoic genera flanked by a series of 
small lateral jugulars and an anterior median plate. Gar\oid scales rhombic or 
eyeloidal, completely covering the trunk and tail. 

Famil7 1. Holoptyohlldae. Traqimir. 
Bwly covered with imbricating, cydoidal ganoid scales. No ossified vertebrae. 



itone : Scolliml {reiUimtlon aflvr I 



Peeioralfins acutely lobate. Two dorsal fins and one mud fin, each borne by a single 

^ didally expanded support (axonosi), followed by one or two rows 

of short basal pieces {baseosls), which support the very niimerotis, 
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fine, dermal fin rays. Lateral jugular plates, cletricle, <iml infraclavide present. 
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Head aad branchial region covered vnih enamelkd dermal bones. Teeth n 
acutely conical, arranged on the boi'der of ths jaws; etUargeit laniary teeth in a 
secowi inner series on several separate splenuU himes. The lerlk di^ingaished hj a 
very comfdicated, meandering, fdded structure {dendrodmt). Devonian. 

The only satisfactorily known genus referable to this family is Holopt'iehins, 
Ag. (Glijplolepis, PUtygnaikus, Ag.), (Figs. 124, 125), from the Old Red "Sand- 
stone of Scotland, England, and Ireland, and from the Devonian of N.-^V. 
Russia, Bohemia, Belgium, the Eifel, the United States, Canada, and Green- 
land. Several species attain a large size. Detached teeth have been 
described as Dendrodus, Owen (Fig. 1 26) ; Lamnodus, Ag. ; and Apedodus. 
Leidy. 

Family 2. Bhizodontidae. Traquair. 

Glosdij resembling precfdvig family, but both paired fins with a short, (Aluse lobe. 
Teeth fete and conical, with a well-defined jmlp cavUy, the wall of which is radialely 





folded in the lower part of the crown. 
Usually several tooth-bearing splental 
bones on the inner side of the mandilte. 
Devonian, Carboniferous, and Lower 
Permian. 

Rhisodns, Owen. (Megalichthys, Ag, 
p.p.), (Fig. 127). Very large, incom- 
pletely known fishes with rough, 
rugose cycloidal scales, Infraclavicie 
with a long upwardly directed process. 
Teeth smooth, compressed to a sharp 
edge in front and behind. Jl. Jiibberti, 
Ag„ and H. ornatus, Traq., from Lower Carboniferous, Scotland and North- 
umberland. Allie<] species in Coal Measures of North America. 



j,p'fliii.imiirnlirtiiiiiii;r): (/. UWrmlBul«r(iugulii?)i 
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StrepsoduSy Young (Demlroptf/chius, Young; Archiehthys, Hanc. and Atth.). 
Large and medium-sized fishes with slender and somewhat curved, teeth, 
which are not compressed to sharp edges. S. sauroides, Binney sp., from Coal 
;\feasures of England, Scotland, and Ireland. Other species from Lower 
Carboniferous of Scotland, Ireland, and Nova Scotia. 

Bhizodopsis, Young {Diitodus, Ganolodus^ Characodus, Gastrodus, Owen), 
(Fig. 128). Scales oval, with an extremely thin layer of punctate ganoine. 
Teeth round in section, smooth. Vertebral axis with ring vertebrae. The 
small type species represented by fine examples in the English Coal Measures. 
Fragments in tlje Coal Measures of Silesia, Nova Scotia, and Illinois. 

Gyroptychius, M*Coy ; Tristichopterus, Egerton ; Eusthenopteron, Whiteaves ; 
Polyplocodus, Pander ; Sauripterus^ Hall. Devonian and Old Ked Sandstone : 
Europe and North America. 

Family 3. Osteolepidae. Smith Woodward. 

Body slender, covei^ed mth rhombic ganoid scales. Bing vertebrae at least in the 
caudal region. Paired fins vnth a short, obtuse lobe. Teeth conical, only externally 
folded at the base, as in BhizodoTitidae, Devonian and Carboniferous. 

Ostedepis, Ag. {Tripterus, Triplopterus, M*Coy), (Fig. 129). Cranial roof 
bones in advance of the parietals fused into a continuous shield, pierced by a 




FiQ. I2y. 
Ostedepis nuicroUpidotus, Ag. Lower Old Red SandHtonc ; Scotland (restoration after Pander). 

median frontal (pineal) foramen. An anterior median jugular plate present. 
Teeth round in section. First dorsal fin in front of the pelvic pair. Scales 
smooth and punctate. 0. macrolepidolus, Ag., and 0, microlepidotus, Pander. 
Lower Old Red Sandstone ; Scotland. 

Thursius, Traq. As 04eolepis, but first dorsal opposite pelvic fins. Lower 
Old Red Sandstone ; Scotland. 

Diplopteriis, Ag. Lower Old Red Sandstone ; Scotland. 

Me^alichihys, Ag. (Centrodus, M*Coy ; Bhomboptychius, Young ; EctosteorhacMs, 
Cope). Cranial roof bones in advance of the parietals rarely fused into a 
continuous shield, without a median frontal foramen. 
Teeth round in section. First dorsal fin nearly opposite 
the pelvic pair. Scales smooth and punctate. Carboni- 
ferous of Great Britain and North America. Lower 
Permian of Texas. M, hibberti, Ag., the best known 
British species from the Coal Measures. Fm. iso. 

Glyptopomus, Ag. (Glyptolaemus, Huxley), (Fig. 130). Giyptopomug kinnairdi. 
Bones of cranial roof not fused together; a median uppe/oid' i^r'sa'ndJtono'; 
frontal (pineal) foramen. External bones and scales HuTiey)^"' ^*^^''^"''' ^*^' 
ornamented with irregular reticulating rugae *or fused 

series of tubercles. Upper Old Red Sandstone ; Scotland, possibly also 
Belgium and Pennsylvania. 




Family 4, Ooelaoonthidae. Huxley.' 

Body covered with thin, eycloUlat ganoid scales. Xo ossijUd rertehriu. Arches, 
spinous processes, and mpporls of caudal fin superficially ossified. Air bladder 
ossified. Paired fins with a short, obtuse lobe. Each of the two dorsal fins and the 
anal fin supported by a simple, usually proximally ferlad plate, -wkiek in tlu anterior 
dorsal is in direct contact with tlie dermal rays. Caudal fin distinctly dipkyeercal, 
borne above and below by numerous simj^ svpporfs, and terminating in a small pro- 
jecting tufted fin. Only one opercular bone on each side and a pair of jugular 
plates ; 6tt( several splental bones present. Upper Devonian to Upper Cretaceous. 

Coelacanthus, Ag. (Hoptopygtis, Ag. ; Conchiopsis, Cope ; Ehabdoderma, Reis). 
Teeth absent on the margin of the jawa, but a few hollow, conical teeth 
within. Supplementary caudal fin prominent. External bones and scales 
ornamented with series of tubercles or fine ridgea of ganotne ; fin rays not 
denticulated. Carboniferous and Permian of England, Scotland, Germany 
( Kupfera chief er), and North America. Fragments probably also in Upper 
Devonian of Harz MountainB. 

Graphiurus, Kner ; Heptanema, Bellotti. Trias of Raibl and Perledo. 

Diplurus, Newb. Trias ; New Jersey and Connecticut. 

Undina, Munster {Holophagus, Egerton), (Fig. 131). Supplementary 
caudal fin prominent. All the fin rays robust, broad, and closely articulated 



dislally ; the anterior rays of the first dorsal and caudal fins denticulated or 
tuberculated. External bones and scales rugose and tuberculated. Lower 
Lias to Lower Kimmeridgian. 

Libys, Miinst. ; C'occotlerma, Quenst. Lithographic Stone (Iiower Kim- 
meridgian) j Bavaria and Wiirtemberg, C. substriolatum, Huxl, sp., from 
Kimmeridge Clay, England. 

» UuMen, T. II.. Illmtrntioiis of the Siracture of the ('rofsoptervgian Gauoids (Mem. Oeol. 
Suit. dec. XII.). ISfifl.— /(fw, 0., Die Coelauwilliiiieii ( i'ttUeontoitr. vol. XXXV.), 1888; the 
Geogn. Jahrrsh., Miincheii. 1892. 
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Macropoma, Ag. Maxilla, vomer, and palatine with conical teeth. Sup- 
plementary caudal fin unknown. Fin rays robust and straight, not expanded 
distally, with distant articulations ; a double series of small, upwardly pointing 
denticles on nearly all the rays of the first dorsal and caudal fins. Turonian 
and Senonian of Europe. M, manteUi, Ag., especially well preserved in the 
English Chalk. 

Family 5. Polypteridae. Huxley. 

Bodi/ covered with thick, rhombic ganoid scales. Vertebrae and the complete 
internal skeleton ossified. Tail diphycercal. Pectoral fins toith short, obtuse lobe, 
the numerous, short, fan-like basalia attached to two diverging bones (propterygium 
and metapterygiwm) and a median mesopterygiiim. Dorsal fin single, remarkably 
extended, tJie spine-like rays borne by a corresponding number of supports. Only a 
single pair of jugular 
plates. Teeth sharply 
conical, with simple pulp 
cavity. Recent. 

To this family be- ^'""-^^ 

long the two genera, Pdyptems tichir, Q^trr. R«.ent ; upper Xlle. 

Polypterus (Fig. 132) and Calamoichthys, living in the rivers of tropical Africa. 



Order 2. CHONDBOSTEI. Cartilaginous Ganoids. 

Notochord persistent, and endoskekton chiefly cartilaginous; head covered with 
bony dermal plates. Teeth small or wanting. Opercular apparatus imperfectly 
developed, the branchiostegal rays usually absent. Infraclavicle present. Paired 
fins without a scaly cuds, but each pelvic fin with a row of cartilaginous basal supports. 
A single dorsal and anal fin, with dermal rays more numerous than their supports. 
Caudal fin heterocercal (rarely diphycercal), and the upper lobe usually covered with 
rhombic scales. Trunk almost or completely naked, or with rows of bony plates. 

Family 1. Ohondrosteidae. Smith Woodward.^ 

Parietal and frontal bones paired ; a large squamosal bordering the parietals on 
ectrh side. Jaws toothless, and premaxilla absent. Operculum small, suboperculum 
large ; a few branchiostegal rays present. Trunk, naked, only the upper fulcrated 
lobe of the tail with elongated, oat-shaped ganoid scales. Lias. 

Chondrosteus, Egerton. Mouth very small and inferior; jaws toothless; 
maxilla arched, much expanded behind and tapering in front. About ten 
branchiostegal rays, but no gular plate. Dorsal fin short-based, opposed to 
the pelvic pair. Trunk naked. C. acipenser aides, Eg., about a metre in 
length, known by nearly complete skeletons from the Lower Lias of England. 

Gyrosteus, Sm. Woodward (ex Ag. MS.). Usually much larger than 
Chondrosteus, and the toothless maxilla expanded in its front portion for a 
palatine articulation. G. mirabilis, Sm. Woodw. (ex Agassiz, MS.), represented 
by fragments in the Upper Lias of Whitby. 

* WooditarfU A. A, On the Palaeontology of Sturgeons (Proc. Geol. Assoc, vol. XI.), 1889 ; 
aUo Proc Yorks. Geol. and Polyt. Soc. vol. XIII. 1898, p. 461. 
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Family 2. Aoipenseridae. Sturgeons. 

Elongated fishes with a produced snout, and small toothless mouth wUlumt pre- 
maxUla, Parietal and frontal bones large, unsymmetrical, and granulufed. Oper- 
culum incompletely developed, not quite covering the branchial opening ; hranchiostegal 
rays absent. Dorsal and anal fins borne by two rows of supports {axonosts and 
baseosts) ; caudal fin strongly heterocercal, the large upper lobe ridged with fut^aJ 
scales. Trunk with five longitudinal series of keeled bony plcUes, Tertiary and 
Recent. 

The sturgeons of the two living genera, Acipenser and Scaphirhynchus, 
inhabit the seas of the northern hemisphere, and enter the rivers of Europe, 
Asia, and North America. Fossil remains are rare. An Eocene species 
{Adpenser toliapicus, Ag.) is represented by scutes in the London Clay of 
Sheppey. Scutes and pectoral fin rays are also known from Upper Eocene 
and later deposits in Europe, and from the Miocene of Virginia, U.S.A. 

Family 3. Polyodontidae. Paddle-fishes. 

Snout very long and spatidate. Paiietal and frontal bones paired. Mouth 
large, with minute teeth in both jaws ; no premaxilla. Branchiostegal rays absent. 
Scales rudimentary or absent, except on the sides of the upper cnudal lobe, which is 
ridged with large fulcrat scales. Cretaceous (?) or Eocene to Recent. 

Crossopholis, Cope. Rostrum covered with small stellate bones. Scales of 
trunk small, thin, and separated ; each being a grooved disc with posterior 
denticulations like a fringe. C. magnicaudatus, Cope ; Eocene (Green River 
Shales), Wyoming. 

Pholidurus, Sm. Woodw. Known by caudal ridge scales only, from the 
Upper Chalk, Kent. 

Polyodon (Spatularia) living in the Mississippi, Psephurus in Chinese rivers. 

Family 4. Belonorhynohidae. Smith Woodward.^ 

Slender fishes with a much elongated, pointed snoui. Mouth very large, and 
jaws with numerous conic<il teeth of different sizes. Opercular apparatus reduced, 
without branchiostegal rays. Fin fulcra minute or absent ; dorsal and anal fim 
small and remote ; caudal fin diphycercal. Trunk with four longitudinal rows of 
small, keeled, scale-like plates. Trias and Lias. 

Belonorhynchus, Bronn. (Ichthyorhynchus, Bellotti ; Saurorhynchus, Reis.), 




Fio. 133. 
lii'loaorhyndiusstriolntmi, bronu. Keuper ; Kaibl, Carinthia. Nat size. 

(Fig. 133). Head and trunk excessively elongated. Jaws approximately 
equal in length, and mandible remarkably deep behind. Head bones exter- 

^ Woodward, A. &, Tlie Fossil Fishes of the Hawkesbury Series (Mem. Greol. Snrv. N. S. 
Wales, Palaeont. No. 4), 1890.— Jieis, O., Greogn. Jahresh., IV. Miincheu, 1891. 
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nally ornamented with striae, rugae, or reticulations. The remote dorsal and 

anal fins opposed to each other; the diphycercal caudal fin truncated at its 

hinder margin. Of the four series of imbricating keeled 

dermal scutes one extends along the back, another along the 

ventral border, and the other two smaller series along the 

flanks. The ventral scutes form a ring round the region 

of the anus. Belonorhynchus occurs in the Trias of the Alps ^,^^ ,3^ 

(Raibl, Perledo, Seefeld) and Australia (Hawkesbury Forma- sanrichihys iicumi. 

tion), and is represented by skulls and other fragments in JJat"*siz^^" mwetic; 

the Lias of England and Germany (Bdonostotnus aculus, Ag.). Keinnatii,wurtem- 

The teeth, jaws, and skulls from the Muschelkalk, Keuper, *^^' 

and Rhaetic, described under the name of Saurichthys, Ag. (Fig. 134), probably 

belong to Bdonorhynchus, 



Order 3. HBTBROOBROI. Zittel.^ 

Notochord persistenty but arches, spinotts processes, and Jin supports more or less 
ossified ; head covered vMh bony dermal plates. Opercular apparatus well developed, 
and branchiostegal rays numerous, Infradavide present. Unpaired, and usually 
also paired fins fringed with fvlcra. Paired fins without scaly axis, but each pelvic 
fin with a row of imperfectly ossified basal supports. A single dm'sal and anal fin, 
with articulated rays which are more numerous than their supports. Caudal fin 
heterocercal. Scales rhombic or rhomboidal, rarely cycloidal. 

In their skeletal structure and the characters of their paired fins, the 
Heterocerci agree so closely with the Chondrostei, that they are united with 
the latter by Traquair under the ordinal name of Acipenseroidei. In their 
outward aspect they bear a superficial resemblance to the Lepidostei. The 
Chondrostei, Heterocerci, and Lepidostei, probably form three difl'erent 
specialised branches from one and the same primitive group. 

Family 1. Palaeoniscidae. Vogt emend. Traquair. 

Trunk elongate-fusiform. Head hones more or less enamelled. Teeth slender, 
conical or styliform. Scales ganoid, rhombic in shape, rarely cycloid on the trunk. 
Devonian to Upper Jurassic. 

Cheirolepis, Ag. Jaws with an outer row of minute teeth and an inner row 
of stouter teeth. Dorsal fin remote, arising behind the origin of the anal fin. 
Scales very small, rhombic, or almost square. C, cummingiae, Ag. ; Lower Old 
Red Sandstone, Scotland. C, canadensis, Whiteaves. Upper Devonian ; Scau- 
menac Bay, Canada. 

Canobiu.% Gonatodus, Traquair. Lower Carboniferous ; Scotland. G. moly- 
neuxi, Traq. ; English Coal Measures. 

Amblypterus, Ag. Mouth and teeth small. Fins with delicate fulcra. 
Scales smooth. Several species from Lower Permian (Rothliegendes) of 
Rhenish Prussia, Bohemia, and France. A. lafns, Ag. ; A, durernoyi, Ag. sp. 

Eurylepis, Newb. (Fig. 135). Small fishes with small fins, the fin rays not 

' Traquair^ R. //., The Ganoid Fishes of the British Carboniferous Formations (Palaeont. Soc.) 
No. 1, 1877, No. 2, 1901. — Ou .Amllypterus, PcUaemiiscus, Gj/rohpis^ au<l Pyijoptenm (Quart. Journ. 
GeoL Soc. vol. XXXIII.), 1877.— On Eskdale Fishes (Trans. Roy. Soc. Kdinb. vol. XXX.). 1881. 



divided diatally, and the caudal obliquely truncated. Teeth email. Scales 
rugose, denticulated on the hinder 
border; two or more rows of 
scales on the flank remarkably 
deepened. Coal Measures ; Ohio, 
and rarely England. 

NemaiojAychias, Rhadinichtkys, 
Traquair ; VycU^tychius, Young. 
Carboniferous. 

PygopterMs, Ag. Kupfer- 
schiefer. 

PalaamUcus, Blv. emend. Tra- 

quair (Fig. 136). Slender fishes, 

small or of moderate size. Teeth 

''"'• '^*- sharply pointed, of different sizes. 

£u^-T.i*,i,(,«>.Mj«,_^Nwi. Co»iM«.u™: pj^^ ^^^jj^ j,,^ ^^^ articulated 

and divided distally. Dorsal in 
front of the anal fin. Scales rhombic, marked with irregular oblique furrows. 



Ajc. R«it4)Tm- 
■rcU (H), snil 
i». Itnpfrr- 

*«»l mjf" : A 
Bthmold; /, 
top, 3ubop«r. 

un; pi. PmI. 



P. freieskbciii, Blv. (Fig. 136), and other species very common in the Kupfer< 
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achiefer of ThuriDgia and Riechelador!, Hease ; also found in the Upper 
Permian of England, France, and Russia. 

Elonichthyt, Giebel (Rhabttulepis, Troschel ; Cosmopti/chius, Traquair), (Figs. 
137, 138). Teeth of different sizes. Fins large, with fulcra, and the rays 
distally divided. Dorsal in front of the anal fin. Scales rhombic, obliquely 
sculptured. E. germari, Gieb., from Coal Measures of Saxony. Other species 



thm thn«< ubL >lie. Lonrr Elo«lr!uhti IKIiaMolfyU) vamHtna, Rn.nii <>|>. Uiwrr Prniilnii (Ruth- 

rirhai.ireToiiB: BdiiiburKli 1lr|trn<l«i) . I^buli, Itnl BurlsUijkrD ltlie>ii*h Pru«li (iMtoraliou after 

from the Carboniferous of England, Scotland, and North America ; also from 
the Lower Permian of Rhenish Prussia and Bohemia. 

j4crolepis, Ag. Closely resembling El(ynichlhys, but scales more deeply over- 
lapping. A. tedgvncid, Ag., from Upper Permian (Marl Slate of Durham and 
Kupferschiefer of Germany). Other species in Carboni- 
ferous of England, Scotland, and Belgium. ftft ^^k 

Gyrolepis, Ag. (Fig. 139). Anterior rays of pectoral HH nS 

fins not articulated. Operculum deep and narrow. Scales ^^ 
marked with irregular oblique and curved rugae. Common ^'"- '^*' 

in the Muschelkalk and Rhaetic Bone-bed, but usually [ir!liI^^niaii™'i.''M''iKhe'|l 
only isolated scales. J""^ ;^ B^itrsisiii (uittr 

MijTuAepis, Egerton. Scales very small. M. clarkei. 
Eg., from Trias (Hawkesbury Formation), New South Wales. An allied fish 
in the Coal Measures of Kilkenny, Ireland. 

OxypuUhiii, Egerton {Thrissonoivs, Costnolfpis, Egerton). Fins large, with 
■mall fulcra. Pectoral fin rays only articulated distally. Dorsal in front of 
anal fin. Scales small, but thick, obliquely sculptured. 0. ornatus, Eg., from 
Lower Lias, Lyme Regis. 

Cenlrolepis, Egerton. Lower Lias ; Lyme Regis. 

Atherstoaia, Sm, Woodw. Trias (Karoo Formation) ; Colesberg, South 
Africa. 

Coccolepis, Ag. Scales thin, rounded, and very deeply overlapping ; orna- 
mented with tubercles. Fulcra minute or absent. Dorsal in front of anal fin. 
Small species in the Upper Jurassic Lithographic Stone of Bavaria (C liiuk- 
landi, Ag.), the Purbeck Beds and Lower Lias of England. A larger species 
(£7. australis, Sm. Woodw.) in the Hawkesbury-Wianamatta Formation of New 
South Wales. Only known Palaeoniscid ranging above the Lias. 

CryphioUpis, Traquair. Fins large, with fulcra. Scales large and thin. 



more or leaa rounded, very deeply overlapping, and externally striated. Lower 
Carboniferous; Scotland. 

Family 2. Platysomidae, Tia<iiwii. 
TrimJ; deepli/ fitstform or inegularly rhumbic atul laleraily compreised. Head 
bones emimeUed ; hi/iinauililittlar nearly rertiaU mul nunUh small; teeth, when 
preseiU, more or less Hunt, chiefly on the pterygoid aiid iplenial bmies. Fins with 
fvleru ; peine fins simdl or abaeid ; dorsal fin single, much extended. Scales rhombic, 
deepeiieil on IlifC fiank, racli with an inner vertical l:M pr^erUng as a peg at tlie upper 
hnnler. Carboniferous and Permian. 

Earynotns, Aff. {Plectrolepi^, Ag.). Trunk deeply fueifurm. Teeth short, 
obtusely conical to spher- 
oidal. Pectoral fins 
large ; dorsal fin arising 
opiKiaite the pelvic pair 
and extending to the 
caudal fin ; anal fin short- 
l)ased. E. crenalus, Ag., 
from Lower Carbonifer- 
ous, Scotland; other 
I species from Ireland and 

Belgium. 

Menolepis, Young ; 
WardidUhys, Tratjuair. 
Carboniferous ; Scotland 
and England. 

Cheirodus, M'Coy 

Fm. no. {Aniphireutnim, Young), 

.■^^,n.f«,«m,„.w,-,vo,.KK.|K c.«i M«=iin'. : x.irihjuiiror.ii.i.irt, (Fig. UQ). Truuk deep, 

>- .jr- , .■ niiit HI u. k- fl t ™q Jiir rhombic. Pectoral fins 

very smull, pelvic tins absent. Dorsal and anal fins directly opposed, and both 



H 



much extended. Teeth iibsent, but pterygoid and splenjul with denticulated 
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border. C. granulosus, Young sp. (Fig. 140), from English and Scottish 
Coal Measures. Other species in Lower Carboniferous, England and Scotland. 

Cheirodopsis, Traquair. Lower Carboniferous ; Scotland. 

Platysomus, Ag. (Figs. 141, 142). Trunk deep, rhombic or discoidal. 
Teeth small, styliform. Pectoral and pelvic fins small. Scales finely striated. 
P. striatus, Ag. (Fig. 141), from Upper Permian (Marl Slate of England, 
Kupferschiefer of Germany). Upper and Lower Carboniferous of England 
and Scotland ; Coal Measures of North America ; Permian of Orenburg, 
Russia. 

"i Doryptenis, Germar. A scaleless fish, showing internal skeleton. Rare 
in Upper Permian (Marl Slate of Durham and Kupferschiefer of Germany). 

Family 3. Catopteridae. Woodward. 

Trunk elongate or elongate-fusiform; tail abbreviate lieterocercal. Hemi bones 
well developed, ganoid ; no median series of cranial roof hones ; teetf^dender, conical. 
Dorsal Jin single and not much extended. Scales I'homhic, ganoid. Trias. 

Didyopyge, Egerton. Teeth small. Dorsal opposite or slightly in front 
of the anal fin. Upper lobe of tail very short ; caudal fin forked. Scales 
rhombic, smooth or with few oblique furrows. All species small. Upper 
Trias of England, Germany, Virginia, U.S.A., South Africa, and Australia. 
Also D. rhenana, Deecke, from Lower Trias (Bunter), near Basle, Switzerland. 

Catopterus, Redfield {Redfieldius, Hay). As Dictyopgge, but origin of dorsal 
behind that of anal fin. Fulcra fine. Trias ; North America. 

Order 4. LBPIDOSTBI. Huxley.i 

Not ocf hard persistent, or vertebrae in various degrees of ossification. Opercular 
apparatus usually complete, with branchiostegal rays, and often a gtdar plaie ; at 
least one series of postorlntals on the cheek between the orbit arid preoperculum. Teeth 
ptdnted or conical. No infraclavicle. Unpaired, and usually also paired fins fringed 
with fulcra ; supports of dorsal and anal fins equal in number to the dermal rays. 
Caudal fin hemi-heterocercal. Scales rhombic or rhomboidal, arranged in oblique 
series, and frequently united above and below by peg-and-socket articulations. 

To the Lepidostei are referred the " bony pikes " at present distributed 
throughout the freshwaters of North America, besides a large number of fossil 
genera from Mesozoic formations. They are remarkably closely related to the 
Palaeoniscidae, and in the ossification of their internal skeleton they represent 
a higher grade of the same type. Except a single genus from Permian deposits 
(Acentrophorus), the Lepidosteoids are confined to the Trias, Jurassic, Creta- 
ceous, and Tertiary, both in Europe and North America. Their maximum 
development occurs in the Jurassic period. While the Lepidosteoids are 
closely related on the one hand to the Palaeoniscids, they approach so closely 
to the Amioids on the other, th'at it is impossible to separate them distinctly 
from the latter. 

* Kgertoii^ P. M. f/.. Figures aud Desciiptious of British Oi-ganie Remains (Mem. (ieol. Surv. 
«lec. VI., VIII., IX., XIII.). — Kner, H.^ Die Finclie der bitumiuusen Schiefer von RaiM in Karnthen 
(Sitzuiigiib. k. Akad. Wiss. Wien, math.-uaturw. CI. vol. LIIl.), 1866 ; and Nachtrag, ibul. vol. LV. 
1867. — Die fo&silen Fische der Asphaltschiefer von Seefeld in Tyrol {ibul. vol. LIV.), 1860; and 
Xachtrag, ibid, vol. LVI. 1867. — Vetter^ Ji.^ Die Fische aus deni lithograpbischen Schiefer in 
r>re:Mlener Ma«eum (Mittheil. k. muieral.-gcol. Mum. Drt^sden), 1M81. 
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Family 1. Stylodontidoe. Wagner.' 

Jaws and vomer vnth several rotes of teeth, those of the outer rote ityliform. 
VeTtehr(U column consisting of hemi-vertebrae or ring-vertebrae. All fins fringed vtiih 
fvlcra. Caudal fin both internally and externally kemi-heterocfTcal, the tipper lofe 
nwre extensively scaled than the lower lobe. Upper Permian to Upper Jurassic. 

Acentrophonts, Traq. Trunk fusiform. Dorsal fin short, opposite ihe 
space between the pelvic and anal fins. No enlarged ridge scales. A. variant, 
Kirkby sp., and other species from Magneaian Limestone, Durham. A. 
ehicopmsis, Newb. Trias ; Connecticut Valley, U.S.A. 

Semi0tU)ttts, Ag. (Ischt/pterus, Egert.). Trunk fusiform. Dorsal fin large 
and extended, its hinder part opposed to the anal fin. Dorsal series of pointed 
ridge scales forming a pro- 
minent crest. Fin fulcra 
sometimes very large. Scales 
and head-bones smooth or 
but feebly ornamented. S. 
bergeri, Ag., from Keuper of 
Coburg and Thuringia. S. 
kapffi, Fraaa (Fig. 143), from 
Fio. us. Keuper, Haslach, near 

SrtmtoKrfiu Hififl, FrsAs. Keuptr (stubMiMndHtein) i 8tuttg»rt. Stuttgart. Other species from 
iM ■»(■ r . nas ^-^^ Bunter, Muschelkalk, 

Keuper, and Rhaetic of Europe, also from the Upper Karoo Formation of 
South Africa, the Hawkeabury Formation of New South Wales, and Trias of 
Connecticut Valley and New Jersey, U.S.A. 



DnnedltM pAoiiJotKi, Ag. Uppar Lias; Boll, WUrteinberg. >/■, nit Bise. 
B, C/Teelh, inc. •.[»; (irur Qu^iiataltX 

Crenilepis, Dames. Muschelkalk. Homoeolepis, Wagner. Upper Lias; Boll. 
Dapeditis, de la Becha {Amblyurus, Ag. ; Aechmodtts, Egerton), (Figs. 144, 

- Str'irer, J., Fo^ila Kisehe ana deni KeiipcrHSad stein vou Coburg (Zcitschr. deuUch. geoL G> 
vol. XV].), 186J.— If'.ijner. A., Diu Griffelialiner (Stjloilontes), (GelehrL Anieig. k. bay. Ak«d. 
vol. I^). 1860. — Deffkt, W., Ueber FlscliB Rus vetschicclciicn Horizoiiteii iler Triaa ( Psiaeoiitogr. vol. 
XXXV.). 1888.— A>«*erfy, J. &. Fossil FisJiea and Fossil Plants of tlie Tria.*sic Rocks (Monogr. 
U.S. Ocol. Surv. VOL XIV.), 1888.— S-W/i«i>ii, K., Ui^lier Stiuionotus Agnssii (Schrifteu Pbjs.- 
(ikon. Oesvtlach. Kiinigoberg). 1901. 
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145). Trunk much laterally compreesed, deeply fusiform or cycloidal. Ex- 
ternal bones ornamented with tubercles and ridges of ganoine. Eye surrounded 
by a complete ring of small quadrangular plates (ro), behind which are from 
five to eight postorbitaU (so, cheek- 

pUtee). The aupra-temporal plates (si) y^ 

also numerous. Operculum, suboper- 
culum, and interoperculum large, 
arranged in an arch. Preoperculum 
narrow, almoet or completely covered 
by the postorbitals. A median gular 
plate between the laminar branchiostegal 
rays. Fin -fulcra A-shaped, the two 
halves being fused at the apex. Pectoral 
and pelvic fins small ; dorsal and anal 
fina much extended and opposed ; caudal ,« 
fin slightly forked. Scales on the middle 
of the flank deeper than broad ; no 
prominent ridge scales ; all the scales 
thick aAd enamelled, sometimes tuber- 
cul&ted. The earliest species in the 
Alpine Trias (Seefeld, St. Cassian). 
Common in the Lower Lias of England i,,„ ,,j 

and the Upper Liaa of Wiirtemberg yi<»\ or tnpai>a. 
(Boll, Holzmaden), Bavaria (Banz), ^£i£i;;"'5|"iSftir, . 
Northern France (Calvados), (O. «/wii- cuidin:'i«; ji»iiii«;' ii, iiimi: op, upereuiiun: 

, , . ri > . ^1.1 ir. OrWt; p, Purtelal; pm, Premmilta; nt PoM- 

dmuS, Ag. ; D. CaelatUS, QuenSt.). Also tfmpoml: bJ. SupncUvicle: >», SuborbiUli; to,., 

found in the Gondwana Beds of (X'^S^'i'lii "■ ^'^'^'- "■ s-p"**"!™! 
India. , 

Helerostrophui, Wagner. Lithographic Stone (Upper Jurassic) ; Bavaria. 

CUUhrolepia, Egerton. Hawkeabury Formation; New South Wales. 
Karoo Formation ; Orange River Colony. 

Tetragoaolepia, Broun (Pleurolepis, Quenst.). Small oval or almost cycloidal 
fishes, laterally compressed, with small pectoral and pelvic fins. Dorsal and 
anal fins much extended. Scales deepened on the flank, their front border 
thickened and forming a vertical ridge. T. semtcindiis, Bronn, from Upper 
Lias, Wiirtemberg and Bavaria. Other species in the Upper Lias of England, 
and the Kota Formation of the Deccan, India. 

Family 2. Semlonotidae. Woodward.' 

PrentaxUla, maaUla, and deiUarg with obtusely conical or chisd-shaped teeth ,■ 
vomer, pUrygo-palatine arch, and splental wUk several rows of stonier hemispherical 
Ueth. All Jin» fringed loUh fulcra. Caudal fin hemi-heteroceraU. Scales thick and 
rhombic. Trias to Cretaceous. 

Colobodus, Ag. (Aslerodon, Miinat. ; ThdoiHs, Meyer ; Dadglolepis, Kunisch). 
Teeth hemispherical and irregularly crowded, usually with a mammiform eleva- 

' Qiuiutedt. F. A., Vehei Lepidotua in Liaa t. Tubingen, lSi7.—Sativage. H. E.. Mfmoire «ur 
la LtpidotoM maximal et palliatui (M6m. Soc. gk<\. France, ser. 3, vol. I.), 1877. —ifeger. If. wa. 
FomUe Yiacbe aus deni Mmchelkalk (Paliiooutogr. vol. I.). 1850.— J3ani«, 11'., Die Ganoideo das 
deatochen Huschelkallia (Palaeont. Aljhandl. voL IV,), ISSS.—Bronm, IV.. Uebet eine neua 
Lepidotua-Art su> dcin Weaideu (Jahrb. k. pr^ss. geol. lAadeaapat.), 18S5. 
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titin in the middle of the crown. Scales marked with more or less parallel 
ridges, ending in denttcuUtions at the hinder border. Common in the 
Muschelkalk and Lettenkofale. 

The generic names Nephrotus, CenchTodus, Omphalodus, Hemilopas, Meyer, 
and SargoJon, Plieninger (Fig. 146), are applied to rounded 

for chisel-shaped teeth from the Trias and Rhaetic. 
Lepidoltts, Ag. (Spkaerodus, p.p. Ag. ; PUsiodus, Vi'&gner ; 
Pniepidotus, Michael), (Figs. 147, 148). Trunk fusiform and 
only moderately compressed, covered with thick, smooth, or 
Fid. u<i. obliquely striated scales, which are deeply imbricating and 

>HirgaiaK tontb-iit. have the angles of the overlapped border more or less 
nil^wun^nlii-^*'"' produced. Head and opercular bones more or less enamelled, 
smooth or tuberculated. Teeth hemispherical to obtusely 
conical. Successional teeth numerous, the incipient germ lying exactly in 
the opposite direction to that of the functional tooth, thus making a revolution 
of 180" while the root' of the old tooth is absorbed and it prepares to appear 



(Fig. 148, A). Fin fulcra very large and biserial (Fig. 148, D), present on all 
the fins. Pectoral fins large; pelvic fins small; large dorsal fin opposed to 
the pelvic pair; caudal fin more or leas forked. Ranging from the Keuper 




>, Unpiiro 
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to the Lower Cretaceous, some of the later species having the largest, stoutest 
teeth and well-developed ring-vertebraa The type species, L. etvensis, Blv. 
ap., common in the Upper Lias of Wiirtemberg, Bavaria, France, and England. 
L. vtaximns, AA'agti., X. mloplenis, Ag. (Fig. 147), and other species well pre- 



served in the Lithographic Stone (Upper Jurassic) of Germany anA France. 
L. manUUi, Ag., from Wealden. Also Jurassic of India and Siberia, and 
Cretaceous of Brazil. 

Family 3. Butfnathldae. Wi>odward. 

TraiJt sUttder, covered with rhomboid enamelled scales. Marginal teeth corneal. 
Cranial and facial boiies moderately robusl, exteraally enamelled, and opercfdar 
apparaius complete. Snovt not produced. Fin-rat/s robust, fulcra conspicuoas. 
Dorsal Jin short and acumtjiate. Vertebral column rarely more than ijtcovtplele 
rings. Tail f^ziemitlty homocerad or hemi-heteroeereal. Trias to Cretaceous. 

Eugttathas, Ag. {Heterolepidolus, Egerton). Cleft of mouth wide, with large, 
conical, pointed laaiary teeth and numeroua smaller pointed teeth between 
these. Head and opercular bones smooth or tuberculated. Fins powerful, 
the dorsal arising opjxwite the pelvic pair, stouter and longer than the anal 
fin; caudal fin forked, externally hemi-heterocercal. Scales rather thick, 
mostly longer than deep, and with serrated hinder border. The type species, 
E. orthostomas, Ag., a slender fish, common in the Lower Liaa of Lyme Regis, 
Dorset. Other species in the Lias, and ranging upwards to the Lithographic 
Stone {E. miorolepidolus, Ag.) and Purbeck Beds. 

Caturua, Ag. {Uraeits, Ag.), (Fig. 149). Essentially identical with Engnathus, 
but scales thinner, more deeply overlapping, and less narrowed near the ventral 



border of the fish. Endoskeleton of trunk usually well displayed in the fossils, 
showing hemi- vertebrae, short ribs, and free neural spines in the abdominal 
region. Ranging from the Trias to the Upper Jurassic, especially fine speci- 
mens being known from the Lower Liaa of England (C. Merurus, Ag. sp., etc.), 
and the Lithographic Stone of France, Bavaria, and Wiirtemberg (C. furcatus, 
Hongaius, tnaximvs, Ag., etc.). 

Strobilodits, Wagner ; Ditaxiatiis, Owen. Large fishes resembling Caiurus. 
Upper Jurassic of Europe. 

Calloplems, Thiolliere. Litht^apfaic Stone of Bavaria and France. 

Eurifcormus, Wagner (Fig. 132). Much resembling Cutunis, but vertebral 
column consisting of he mi- vertebrae, which become two similar complete rings 
in the caudal region. Dentition comparatively feeble. E. speciosus, Wagn., 
from Lithographic StOno, Bavaria. Other species in Oxford and Kimmeridgo 
Clays, England. 
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Plycholepis, Ag. Heiu] and opercular bones orDameiited with ridges of 
gsnoine; teeth minute. Scales thick, much longer than deep, externally 
marked with longitudinal grooves. P. boUenaU, Ag., from Upper Lias of 
England, France, Bavaria, and Wiirtemberg, Other species in Lower Lias of 
England. Smaller species in Trias of Eaibl, Carinthia, and Connecticut. 

Family 4. MaoroBemlldae. 
Marginal teeth stytiform ; dorsal fin elongated ; scales rhominc. 
Ophiopsis, Ag. Trunk much elongated and slender, with a high dorsal fin 
extending half its length. Anal fin email. Caudal fin hemi-heterocercal. 
Kanging from the Muschelkalk to the Purbeck Beds. 0. procera, Ag., and 
other species common in the Lithographic Stone of Bavaria. 

MacrepiiUKs, Cope. Lower Cretaceous ; Texas. Eusemius, Vetter. Upper 
Jura; Bavaria. 

NfAagogua, Ag. Trunk elongated, with extended dorsal fin subdivided into 
two parts, the anterior portion with comparatively widely spaced rays, and 
not deeper than the posterior portion. Stout ring- vertebrae. N. pentlundt, 
Ag., from Neocomian, Castellamare, near Naples. Other species in the 
Lithographic Stone of Bavaria. 

Propierus, Ag. As Nolagogus, but trunk deeper and anterior portion 
of dorsal fin deeper than posterior portion. Bing' vertebrae. Scales almost 
six-sided, deeper than long. Jura. 

Uisiionotus, Egerton. The back of the 
elongated trunk elevated and sharply bent 
anteriorly, a single long dorsal fin extend- 
ing backwards from the bend almost to 
the caudal fin, which is deeply forked. 
L^'ntsenal fulcra on both paired and median 
fins. Scales of flank deeper than broad. 
H. angularis, Eg., from the English Purbeck 
Beds. Other species from the Lithographic 
Pi^ ^^ Stone of Bavaria and France. 

«o,T™™iu. in«iMc~(M, Wagii. Hwi, luL lite. Mocrostmlus, Ag. (Disticholepis, Thioll.), 

Upper JuiMMUU^ographic St™.);' Keihjim. (Fig. 150). Trunk elongated, and dorsal 
d,DenUrT:'iv,cor*uih}'>L:iiii,MBinis:a,0[bit: fin extendmg from the occiput to the 
^"»^iTu""^'r''iS^^;iS!;.r''^?'ffS: ca«*ial fi". wtich is rounded. No fin 
ouMS'uni^n^'spieHtai'' m'^'om""""^^ fulcra, Jaws and pterygoid with power- 
ful conical or styliform teeth. Scales 
thin and rhombic. M. rosiratus, Ag., M. latiusculvs, Wagn. (Fig. 150), and 
other species in the Lithographic Stone of Bavaria and France. Small 
species of this or an allied genus in the Purbeck Beds of Wiltshire and 
the Portlandian of Meuse, Franca 

Pelalopleryx, Pictet. Upper Cretaceous ; Mount Lebanon. 

Family 5. Pliolldopliorldae. 

Tnmk/usi/onn; teeth small and coniml; scales rhombic and deeply overlapping; 
itorsal aiul anal fins small; vertebrae /orming complete rings. 

PhoHdopkunts, Bronn (Fig. 151). Trunk sleuder. Scales smooth, ono 



ijt mC aln (after Kn«r). 
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series short and very deep on the flank, those on the back and ventral 
region longer than deep. Dorsal and anal fins delicate, elongated, and low, 
directly opposed on the hinder part of the caudal region. Caudal fin ex- 
ternally homocercal, slightly forked. Trias ; Raibl, Carinthia. 

PleuTopholis, Egerton. Upper Jurassic (English Pnrbeck Beds, and French 
and Bavarian Lithographic 
Stone). P. egerloni, Wagn, 

Pkolidophorus, Ag, (Figs. 
152, 153), Body shaped like 
a carp. Scales thin, deeper 
than long on the Hank, en- 
amelled, smooth or finely 
striated and serrated. Small 
dorsal fin opposed to the pelvic 
pair. Caudal fin externally homocercal, deeply forked ; a large, unpaired 
dorsal scale often at its base. Com- 
mon in the Alpine Trias of Baibl 
{P. brtmni, Kner) and Seefeld ; in 
, the Lias of Lyme Regis {P. bechei, 

Ag., P. lim- 
baiits, Ag.), 
, Whitby, Cal- 
vados, Wiir- 
temberg, and 
Bavaria {P. 
germanictts, 
Fin. IS* Quenst.); in 

the Lithogra- 
phic Stone of 
Bavaria and 
France ; in 
Buhop^ui^n,. K.t.-i.^ jljg Purbeck 

Beds of England and Ijower Jura of the Black Hills, South Dakota. 

Isopholis, Zittel. As PholidopkorttS, but scales of equal size and rhombic. 
Pectoral and anal fins large. Lithographic Stone of Bavaria and France. 



[iinwic {l.iUiDgnpfalc suae; 



Jr 



PXolidopliorui puiillHi, 



Family 6. Pycnodontida«. Agasaix. 

Trunk UUerallt/ compressed, very deep, oval. Nototlwrd persUtetU. Ribs, verteln-al 
archee, and spines well ossified. Opercular apparatus incomplete, with one or two 
branehiiistegai rays. Premaxilla with two to fow prehensile front teeth; immlla 
Ihin, deepened behind, toothless ; palatine and vomerine bones fused together, usually 
with Jive longitudinal series of round or oval grinding teeth ; splenial of inandible 
large, with corontnd process, and three, four, jive, or more rows of grinding teeth; 
dentary small and terminal, fitting in a groove of the splenial, a nd bearing two to four 
prehensile front teeth. Branchial arches with very numerous, closely arranged, bony 
filaments. Clavicle broadly orate at the lower eml. Fin fulcra ahseitf. Pelvic fins 
small. Dorsal and anal fins much extended. Scales deeper than long, with a 
Ihidxned, ridge-like anterior margin. Lower Lias to Upper Eocene. 

Gyrodtu, Ag. (Figs. 154-157). Trunk completely covered with scales. 
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Frontal profile Bt«ep. Voinero-palatine with five rows of rounded, bean-ehaped 
teeth, of which the convex crown has a rugose border and mammillated apex ; 
the middle row larger than the lateral rows. Splenial with four rows of 
similar teeth ; dentary with three stout prehensile teeth. Caudal fin deeply 
forked, symmetrical. Common in the Upper Jurassic (Lithographic Stone) of 
Solenhofen, Eichstadt, Kelheini, Cerin (Ain); also in the Ktmmeridgian nf 
England, France, and Switzerland, in the Portlandian and Net 



Hti*il of Cj/mlm itutfrophlAatMna^ A^. Vpivr JuTUJiic 
(Ldhoiiniitilc 14Uine) ; Kvliirim, Bavonn. r. itUiiir anHlii ; 
d. Clkvicti! ; Ilk, Kthninia ; /r, FTonUI ; ml, Uwicllbln : ikt. 
Msxlllii; 0. Ortilt: cf. Prpoiierculiini : pn. Piri«Ul : n/r, 

France and Switzerland, and the Tithontan k^A 

of Sicily. Some species from the Litho- ^9 no. isr. 

graphic Stone (0. lUaniiis, Wagner) attain *■"'"■ "*■ (.-yroriK. uianivt. 

a letigth and depth of 1 m. ^';l7%JX<^ti *X fo^f'ro'STI;! 

Mkmlon, Ag. (Figs. 1 58, 1 59). J'^V,;^^,'*'' "•*■ ''""■ S^;J: Krtjji"'.. "'*'"" 
Hinder half of trunk with very thin 

scales, which are often wanting. Voniero- palatine slender, with five rows of 
quadrate, smooth, and fljittcned teeth ; between the large teeth of the middle 
row the smaller teeth of the two inner lateral rows are alternately pressed 
inwards. Splenial with one row of large, obliquely quadrate, smooth teeth, 
which is flanked inside by one, outside by two rows of smaller teeth. Caudal 
fin slightly forked, symmetrical. Common in the Upper Jurassic (Lithographic 
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Stone) of Bavaria and France, and in the Purbeck Beds of England. Earliest 



fragmentB in the Stonesfield Slate (Bathonian), Oxfordehire. Also Coralliiiii 
and Kimmeridgian, Hanover and Switzerland. 

Mesodon, Wagner. As Microdon, but teeth on vomero- palatine in five 



\ 




J-, 



iffr™;o» (l/flnBJ, Ag. VomBTOiBlXinp (.4), »pl«nl»l8 of .Ubniar (HplMital) t< 
Duoillblfl <H\ ind inUlior t««th uf luaudlblK, inUET tlew (Q, [lalBtine UfrtJi,onliisi>«t(£),ini) >lilg Waw 
«ndoulervirw(B),n.t. Kile, tjpi^r JuKuli: KflheLm. (f), nut. »i«. OreenimiJ ; KBlhfini. 

regular rowe, and the large teeth on Bplenial flanked by three or four irregular 
rows of emaller teeth. Caudal fin rounded behind, not excavated. M. liassieus, 
Egert. Bp., from the Lower Lias of England, is the oldest known Pycnodont, the 
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genus ranging upwards to the Lower Cretaceous both in Europe and North 
America. Fine specimens in the Lithographic Stone of Bavaria and France. 

MesturuSf Wagner.^ Much resembling Gyrodus, but with more irregular 
teeth, rounded caudal fin, and scales often united above and below by jagged 
sutures. M, verrucosuSy Wagn., from Lithographic Stone of Bavaria. M. leedsi, 
Sm. Woodw., represented by fine specimens displaying osteology from Oxford 
Clay, Peterborough. 

StemmatoduSy Ueckel. Small, resembling Microdon, Vomero-palatine teeth 
in five, splenial in three rows, all teeth rounded and not very unequal in size. 
Lower Cretaceous ; Castellamare. 

CododuSy Heckel. Hinder half of trunk scaleless. Vomero-palatine teeth 
with one median row of large, transversely elongated, smooth, oval teeth, and 
two lateral rows of small teeth. One row in the splenial dentition relatively 
very large, its teeth transversely elongated. Caudal fin either slightly ex- 
cavated or convex mesially and slightly hollowed laterally. Lower Cretaceous 
of Istria, Dalmatia, Southern Italy, and England; also Cenomanian and 
Turonian in Europe and North America. 

Anomoeodus, Forir (Fig. 160). Vomero-palatine teeth in three or five 
longitudinal series, 'more or less irregular. Splenial dentition with one row 
relatively large, the lateral series more or less irregular, and not reaching the 
oral border of the bone. A. svhdavatus, Ag. sp!, from Upper Cretaceous, 
Maestricht. A. mvsnsteri, Ag. sp., and other species from the European 
Greensand. Also North America. 

Falaeohalistum, Blv. Upper Cretaceous ; Europe, Asia, and Brazil. Upper 
Eocene ; Monte Bolca. 

Fycnodus, Ag. Trunk rather elongated, with slender caudal pedicle and 
forked caudal fin. Dorsal much more extended than the anal fin. Scales 
thin, absent on the caudal region. Teeth of the three middle rows of the 
vomero-palatine rounded, those of the two outer rows somewhat smaller and 
elliptical. P. platessus, Blv. sp., from Upper Eocene ; Monte Bolca. Dentition 
in the Eocene of several European localities. P. mokattamensis, Priem, from 
Eocene, Mokattam Hills, Egypt. 

Family 7. Aspidorhynchidae. Woodward.^ 

Very slender, elongated fishes, with enamelled rhomboid scales of different sizes, 
StunU beak-like, elongated, and pointed. Maxilla loose; mandible with a mavahU 
praemandibvla {" presymphysial bone"). Teeth conical, pointed. Branchiosiegal 
rays numerous, Notochord with ring-vertebrae. Caudal fin exttmally homocercai. 
Fin fulcra minute, Bathonian to Upper Cretaceous. 

Aspidorhynchus, Ag. (Fig. 161). Thin, slender fishes, attaining a metre in 
length, with enamelled ganoid scales, which are yellow or brown in colour, more 
or less rugose externally, and not remarkably thick. Pectoral fin with very 
broad rays, which are jointed only in their distal quarter ; no fulcra. Pelvic 
fin somewhat behind the middle point of the trunk. Anal fin opposed to the 
small dorsal fin. Caudal fin deeply forked, with delicate fulcra. Lower jaw 
much shorter than the snout, which is formed by the mesethmoid and pre- 

* Woodward, A. S.^ Ann. Mag. Nat. Hist ser. 6, vol. XVII. 1896, p. 1. 

■^ /?cw, 0., Ueber Aspidorhynthus^ BeUmostonxus^ und Lepidosteus (Sitzungsb. k. bay. ^kad. 
Wis«., math.-phys. CI.), 1887. 
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maxillae. The oldest known species is A, crasgua, Sm. Wood., from the 
Stoneefield Slate (Bathonian) of OxfordHhire. Well-preaerved fishes in the 
Lithographic Stone of Bavaria {A. aetUirostrU, Blv. ap.) and France; also in 
the English Pnrbeck Beds {A. Jiskeri, Egerton). 

Beionosiomus, Ag. As above, but mandible almost as long as the snout. 
Kimmeridgian to Upper GretaceouB. Fine skeletons in the Lithographic 



AnhlnrStiwlHu ocuUnMrO, Ag. . UpIKr Junulc ; Solenhoren. Idi>, InWnpprcuIum : nul. Ninrllble : mx, 
Itaiilla; op. Operculum; jmd, PreinBUry ; pop, PrBoperculum ; pi, PlflrygoUI : iv, <Jii»iimt«; >, Hindor 
cbeek-pUU i ta, Snborbltala ; sop, Subopercaluio. 

Stone of Bavaria {B. spKyraetwides, Ag., etc.) and the Cretaceous of Europe, 
India, Brazil, and Queensland. 

Family 8. LepidoBteidae. Bony pikea^ 

Trank elmtgated, wUh thick, enamelled rhomMc scales. Srmii much produced, the 
very long maxilla divided by a series of vertical sviures into several pieces, which bear 
large pointed laniary teeth and small clustered teeth,- premaxilia short and toothed. 
Vfymer double. Veriebroi cdumn completely ossified, bfftU upwards into the superior Icbe 
of the taU; vertdiTM opisthoccehiis. All fins with biserial fulcra. Dorsal and analfiat 
very remote, near the hemi-heterocercal, rounded caudal fin. Tertiary and Recent. 

Zepidt>steus, the only genus of this family, survives in the rivers of the 
southern United States, Central America, and Cuba. Complete individuals 
occur also in the Eocene and Iiower Miocene of Europe and North America. 
L. atrox, Leidy, from the Middle Eocene Green River Shales of Wyoming, 
attains a length of 1*7 m. 

Order 5. AMIOIDEI. Liltken. 

Notochord persistent, or vertebrae in various degrees of ossification. Opercular 
apparatus always complete, tnUh lam^lliform branchiostegal rays and a weli'developed 
gtdar plate. Teeth pointed or conical. No infradavide. Fulcra present or absent. 
Supports of dorsal and anal fins equal in numher to the dermal rays. Caudal fin hemi- 
heterocereal. Scales very thin, overlapping, rounded or rhombic at the kinder border. 

The Amioids are distinguished from the Lepidoatei by their thin, cycloid 
or rhombic scales, which are not articulated with each other, but merely 

le Green Ril 
I. Mag. [4] * 
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overlap. Notwithstanding their thinness, however, the scales exhibit the 
characterietic structure of true ganoid scales ; the base contains bone cells, the 
surface is covered with enamel. In many Jurassic genera the vertebral 
column consists of hem i- vertebrae or complete rings, but it is also often 
completely ossified. Contrary to the arrangement in certain closely related 
bony fishes (Phyaostomi), the terminal vertebrae are continued some distance 
into the upper lobe of the tail. 

Only one genus (Amw) still survives in the rivers of the southern United 
States and Central America. The order ranges upwards from the Upper Lias. 

Family 1. Paobyoonaida«. Dijderlein, 
{Mkrolepidoti and Cydotepuloti, Zittel.) 
Ferleirral axis loith vtry numerous segments, wiih or vdthovt hemi-verlebrae, 
Ethrmid forming a prominfnt rostrum. Branclmstegal rat/3 vtry nameroas (ihiriy 
A II '" forty). Neural spirtes in abdominal 

p'' 1' region separate from arches. Caudal fin 

^-^ta ^^^ deeply forkeil, powerful, only internally 

£ ^B^^ heterocercal. Teeth latently compressed, 

^i« — ILj ^^^^^ lanciform, in two series, tlte largest of whidt 

" ^^ ^^^^^ are set in alveoli. Upper Lias to Upper 

^^^^ Cretaceous, 

c Pachycormus, Ag. Large, salmon- 

'''"■ "'^- shaped fishes, with hem i- vertebrae only 

yi1^T^Z''^'^^^'^v%^Z'^^^l?h^: '" ^^^ ca"<i*' "gion- Operculum, sub- 
S?'p^u™V'IItn™^*''"v'"'i'°''i''i*VaS'''''"*^ operculum, and suborbitals very large. 
Rays of all the fins with distant 
articulations. Pectoral fins large ; pelvic fins absent ; short dorsal fin arising 
in front of the anal j deeply 
forked caudal with elongated 
fulcra on each lobe. /'. 
nutcropteras, Blv. sp., and 
other species in the Upper 
Lias of Germany, France, 
and England. 

Enthynolus, Wagner 
(Heterothrissops, Pseud o- 
Ihnssops, Sauvage), (Fig. 
162). H em i- vertebrae pre- 
sent. Fin fulcra minute. 
Pelvic fins present; dorsal 
fin opposed to much ex- 
tended anal fin. Scales 
rhombic, rounded at the 
angles. E. speciosus, Wagn., 
and other species in the 
Upper Lias of Germany and Vui. ibs. 

France, Wiilwicr>nHi«ijiiii/™i«. Wnxn. Portion of trunk. Ujipsr Juramic 

rr iir (Li tliDETiirhlc Stone) ; Bkhstailt, Baviria. 

Hypsocormus,\^Agnsir i "» i 

(Fig. 163). Large fishes, with very small rhombic scales, much resembling 
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Pachyayrmus, but with larger teeth, small pelvic fins, and a much extended 
anal fia. Large teeth rounded in section, of complex structure. H. insignis, 
Wagn., from Lithographic Stone of Bavaria. H. Uedsi, Sm. 
Woodw., from Oxfoi-d Clay, Peterborough. 

Prolospkyraena, Leidy ' {Ensichflie, PeUcoplerus, Cope), 
(Fig. 164). Known only by fragments of head and fins 
much resembling those of Hypsocorrnvs, but teeth laterally 
compressed, and snout more pioduced. P. ferox, Leidy, 
and other species, in the Upper Cretaceous of Europe and 
North America. The teeth were wrongly ascribed to Sauro- 
rephalus, Harlan, by Agassiz. 

Family S. Amlldae. Oiinther. 

F".. 164. 

(Megalvridae, Zittel; Haleamorphi, Cope.) Tooth of ptou- 

Verfehral column well ossified, and flexed Hpwards behind into "P^f "^n^^bIz?"*" 
/A« upper pari of fke rounded caudal fin. PleurocetUra and hypo- 
centra forming complete alternating discs in part of the caudal region, the alternate 
discs bearing the neural and haemal arches. Teeth powerful. Branchiostegal rays 
broad and few ; gular plate large. Fulcra present or ahsmt. Scales very thin and. 
eydoid. Upper Jurassic to Recent. 

MegaluTus, Ag. (Figs. 165, 166). Vertebral column much produced into 



n. Hoad, ( 

y» ; *, Cen 
nd, Mmndlb) 



the upper caudal lobe; caudal hemi- vertebrae rather elongated. Fulcra 
present. Dorsal fin considerably extended, arising opposite the pelvic fins, 
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and reaching the hinder end of the an»l fin ; caudal fin convex behind, very 
large. Several Bpecies in the Upper Jurassic (Lithographic Stone) of Bavaria, 
NuBplingen, and Cerin, and in the English Furbeck Beds. M. mawsoni, Sm. 
Woodw. From Cretaceous of Bahia, Brazil. 

Liodesmus, Wag. (Lojikiurus, Tetter), Lithographic Stone ; Bavaria. 

Opstgonus, Kraiuberger ; Amiopsis, Kner. Lower Jura ; South Dakota. 
Lower Cretaceous ; Dalmatia and Istria. 

Amia, Linn. (Ct/duTus, Notaeus, Ag.), (Fig. 167). Fulcra absent. Dorsal 
fin arising in front of the pelvic pair and extending to the caudal fin. Living 
in N^orth America ; fossil in the Upper Eocene and Lower Miocene freshwater 
formations of Europe and North America. A. (Nolaeas) longicamia, Ag. 
(Montmartre), A. (Cydurus) txUmciennesi, Ag. (Armiasan), A. kehreri, Andreae 
(Mesael, near Darmstadt), A. anglka, Newton (Isle of Wight). 

Pappichthys, Cope. Eocene ; North America. 

Family 3. OUtfopleuridae. Smith Woodward. 

Vertdyrae well ossijied, with m> distinct pUuroeeidra and ht/poee»ira. Mouth 
wide, with teeth small or of moderate size. Fulcra present. Scal-es very thin and 
cydoid. Upper Jurassic to Upper Cretaceous. 

OUgopleuTus, Tbiolli^re (Fig. 168). Teeth very email, and mandible 
prominent. Vertebral centra not pitted. Dorsal fin short-based, opposed to 



OlitopUinu curinat, Thioll. Upper Jural 
>/,.»(. .il8( 

anal fin. Caudal fin slightly forked. Scales rather large. 0. esocinus, ThiolL, 
from Lithographic Stone, Cerin (Ain, France). Other species in English 
Wealden and Purbeck Beds. 

Oenoscopus, Costa {Atlakeopsis, Thiol!. ; Macrorhipis, Wagn.). Almost aa 
above, but vertebral centra with two lateral pita, and greater portion of dorsal 
in advance of anal fin. 0. pelrarmae, Costa, from Lower Cretaceous, Pietraroja, 
Prov. Benevento, Italy. Other species in French and German Lithographic 
Stone. 

Spathiiims, H&y'K. With much extended dorsal fin. Upper Cretaceous ; 
Mount Lebanon. 

Snb-Olass 6. TELEOSTEL' Bony fishes. 

Skin with thill, elostic, cydoid lyr ctenoid scales, rardy with bony pUUes. Vertebral 
editmn ossijied; tail internaUy and externally Uomocercal. IntermusnUar bmes more 

' Bassani. Fr,, Deacriiione del pesci Tossili di Lesinft accompagnata da appunti sii alcune altre 
ittiofauue oretncee (DenkiwUr. k. Akad. Wiss. Wien, matb.-naturw. CI. vol. XLV. ), !882.— K^iict, R., 
Ueber einige foaiile Fische aus Kreiile uml TertiarMhiehteii von Conien mid Poiisiided (SitniugabL 



SUBCLASS VI TELEOSTEI 93 

or less numerous. Fin fulcra absent. In the living forms — optic nerves completely 
deciissaiing, conus arteriosus of the heart with only two valves, and intestine without a 
spiral valve. 

The distinction between the bony fishes and ganoids consists partly in the 
dermal skeleton and partly in anatomical characters, which cannot usually be 
verified by palaeontologists. The two sub-classes are most closely related to 
each other, and the line of demarcation between the Amioidei and the Physo- 
stomi is often almost obliterated. This applies specially to the scales, which 
have already become thin and elastic in the former, and are not distinguishable 
in any respect from those of certain Physostomi, in which a thin calcified 
layer with bone cells happens to be developed beneath the outer smooth layer. 
Among Teleostei the internal skeleton is often characterised by its very dense 
structure and the sparse development of bone cells. The caudal fin, unlike 
that of the ganoids, is usually both internally and externally homocercal. In 
the more specialised forms the pelvic fins are sometimes displaced far forwards, 
while the rays of the dorsal fins are sometimes articulated, sometimes spinous. 

The Teleostei are divided into the two orders of Physostomi and 
Physoclysti. 

Order 1. PHYSOSTOMI. MtOler. 

Air bladder, when present, connected by a tube with the oesophagus. Pelvic fins 
abdominal ; all fin rays articulaled, except the foremost rays of the pectoral and dorsal 
fins, which are sometimes spinous. Scales, wJien present, usually cycloid. 

Of all the bony fishes the Physostomi approach most closely the ganoids, 
especially the Amioidei. They probably originated from the latter in the Trias, 
becoming specialised in their own line, and soon considerably exceeding their 
ancestors in diversity of form. They already exhibit an important develop- 
ment in the Upper Jurassic and Lower Cretaceous, but attain their widest 
distribution in the Tertiary and at the present day. They live partly in the 
sea, partly in fresh-waters. 

Family 1. Leptolepidae. Smith Woodward. 

Trunk elegantly fusiform. Head with delicate inembrane bones and well-developed 
cheek plates, more or less enamelled ; parietals meeting in middle line, flanked by large 
squamosals ; premaxUla very small ; maxilla large, entering the gape, loosely attached 
and with two supramaxillaries ; teeth small and conical. Opercular apparatus 
complete. A single dorsal fin. Scales ganoid and with bony layer. Upper Lias to 
Lowef Cretaceous. 

Leptolepis, Ag. {Tharsis, Giebel), (Figs. 169, 170). Usually small fishes. 
Dorsal fin in front of anal fin, which is not much extended. Dentarv bone 
sharply rising into a thickened obtuse elevation near its anterior end. Teeth 

k. Akad. Wiss. Wien, math.-Daturw. CI. vols. XLVIII., LVI.). — Kner aiid Steindachner, Neue 
Beitrage zur Kenntniss der fossilen Fische Oesterreicbs (Denkschr. Akad. Wien, vol. XXI.), 1863. 
— Krainberger, D. (?., Die eoc^nen Fische der Baschker Schichten (Palaeontogr. vol. XXIV.), — Die 
jnngtertiiire Fischfaona Croatiens, I., II. (Beitr. Palaeont. Oesterr.-Ungarns, vols. II., 111.), 1882-88. 
— Meyer, H. r., Palaeontogr. vols. II., VI. — Sauvage, H. E., Bull. Soc. g^ol. France, ser. 3, vols. 
II., IIL, VL, XI. — Steindachner, F., Beitrage zur Kenntniss der fossilen Fischfauna Oesterreicbs, 
I.-IV. (Sitzungsb. Akad. Wien, vols. XXXVIl., XXXVIII., XL., XLVII.), lS5d -^Z.—Wettstein, A., 
Ueber die Fischfauna des tertiaren Glamerschiefers (Abb. schweiz. palaeont. Gres. vol. XIII.), 1886. 



minute. L. bronai, Ag., and other comparatively small species in the Upper 
Lias of England, France, and Germany. L. dvbius, Blv. Bp., L. sprattiformis, 
Ag. (Fig. 1 70), and other species in the Upper Jurassic (Lithographic Stone) 




Head uf /.i-ufVcpli tmon-f, Au. Upper UtMraiitpmaifiinitit, Aa. Upprr Junulc ; BichitadC. 

Junuic : Kelhelm. Keaac«d. BnVBria. Xit. >[». 

of Bavaria and France ; also from the English Purbeck Beds, the Lower 
Cretaceous of the Isle of Lesina, Dalmatia, and the Wianamatta Formation of 

New South Wales. Fragments from King Charles Land, Spitzbergen. 

Tkrisaops, Ag. Sometimes attaining rather large size. The short dorsal fin 
opposed to the much extended anal iin. Ribs very stout Upper Jurassic 
and Lower Cretaceous of Europe, the type species being T.formosu.% Ag., from 
the Bavarian Lithographic Stone. 

Aethalioii, Miinster. Lithographic Stone ; Bavaria. 

Family 2. Blopidae. 

Trunk fusiform, and caudal region relatively short. Head with well-developed 
rheek plates, not enamelled; jaws as in Clupetdae. Opercular apparatus complete, 
vjUh numerous branehioslegal rays, and usually a gular plale. A single dorsal fin, 
without adipose dorsal. Scales thin aiid cycloid, vtithoul bony layer. Lower 
Cretaceous to Recent. 

Elopopsis, Heckel. Gape of mouth wide, with large teeth. E. fendi, 
Heckel, from Neocomian, Comen, Istria. E. ziegleri, v. d. Marck, and other 
species in the Upper Cretaceous of Europa 

Osmeroides, Ag. {Khabdotepts, v. d. Marck fion Troschel ; Soleolepis, v. d. 
Marck). Salmon-shaped fishes with minute clustered teeth, and very deeply 
overlapping scales. 0. lewestetisis, Mantell sp.. from English Chalk. OtJier 
species in the Upper Cretaceous of Westphalia and Mount Lebanon. 

Thrissopater, Giiuther. Oault ; Folkestone. Pachyrhizodus, Dixon {Hypsodon, 
Ag.). Upper Cretaceous; Europe and North America. 

Bhacoiepis, Ag. Upper Cretaceous ; Brazil. Megalops, Ltuiip. ; El<^s, hiim. 
Eocene to Recent. 

Family 3. Albulidae. 

Clupeoids with very small moulh, ami some inner bones with grinding teelh. 
Brandiiosteyal rays few, and gaiar plate absent. Upper Cretaceous to Recent. 

Istieus, Ag. An elongate fish, with much extended dorsal fin, small anal 
fin, and forked tail. Teeth very small. Closely resembling the existing deep- 
sea fish, Batkyfhrissa, Gtinther. About three species in the Up])er Cretaceous 
of Westphalia and Syria. 
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Pisoduf, Owen. Large hemispherical or flattened crushing teeth on the 
parasphenotd. Closely resembling existing Alhula. Lower and Middle Eocene 
of England and Belgium. 



Family 4. Ichthyodeotidae. Crook. > 

Large extinct predaceous Jisltes, mth a row oj strong amkal leeth fixed in sockds 
on the inargiu of the jaws. Upper jaw formed bt/ short and deep preinaxilla, and 
long stout maxilla ; mandible deep, trancated in front, withovi any pj-esi/mpki/siai 
bone. Vomer ami paraxphenoi^l toothless; palato-pterygoifl arch wiih palclies of 
small teeth. Paired fins composed of a very broad, anterior, and numerous narrower 
rays, finely divided and articulated quUe at the distal end. Dorsal fin short and 
remote; anal fin not much extended ; camhd fin forked. CretaceouB. 

This family is very closely related to the existing Chiroeentridue, of which 
only one genus {Chiro- 
cenlras) ia known, in- 
habiting the Indian 
Ocean. 

Portheus, Cope 
{Xiphactinus, Leidy ; 
Hi/psodon, Ag. p.p.), 
(Fig. 171). Powerful 
Hshea, sometimes of 
gigantic size. Teeth 
of variable size, oval 
in transverse aection. 
Palatine movably 
articulated with eth- 
moid, with hammer- 
shaped thickening. 
Eye with ossified 
sderotic ; three sub- 
orbitAl plates. Oper- 
culum well developed 

and large. P. molossus, *■'"'■ !"'■ 

Cope (Fig. 171), and "*"''"' '''■'**™^;Z''^^ir,t. ^-"XrCoIir).'™ ' ''°' '^"°''' 

other species occur in 

the Chalk of Kansas, U.S.A. P. mantelli, Newton, and other species in the 
Chalk and Gault of England, France, Belgium, Bohemia, and Siixony. 
Fragments also in Cretaceous of Rolling Downs, Queensland. 

Ichlhyodectes, Cope. As Portheus, but smaller, and teeth of uniform size. 
Chalk of Kansas and England. 

GiUictts, Hay. Like the preceding, hut teeth small and fringe-Iik(. 
Upper Cretaceous ; Kansas. 

Spathodadylus, Pictet, Type specimen displaying fina. Neocomian ; 
Voiron s, Switzerland. 

' Crnoi, A. R., Ueber eidige KaocheiiHsclie sua ilcr mittleren Kreide von KanaRS (PilaeontO)^. 
vol. XXXIX.), 1S92.— Z^xRiiu, F. B„ Die Anatomie un<l Uis VemadUchfta dar Ganoid nn<t 
KnocbcDfiM^he aun der Krtiilc von Kansas ( Palaeontiw. vol. XLVI.), IWO.—Slnrart, A.. Teleosln 
of the Upper CreUwous [Univ. CIcol. 8ur\-. Ksiims, vol. VI.), 1900. 



Family 5. Saurodontidae. Cope (non Zittel). 

Shidl laterally compressed ; jaws povxrful, and bearing a single row of a 
knife-like teeth, with nulriet^ foramina or notches below the intatial alveolar border ; 
a presympkysud bone present and withtntl teeth. Cretaceoua. 

The two genera conatituttng this family, Sawocephaius, Harlan (m>n Ag.), 
and Sawodon, Hays (Daptinus, Cope), differ from the Ichthyodedidae in the 
presence of a preeymphyBial bone and in the form and manner of Buccession 
of teeth. In the first-named genus the crowns of the teeth are short aod 
compressed, with nutrient foramina below the alveolar border on the inner 
face of the jaw ; and in Saurodon the inner margin of each dental alveolus 
is deeply notched. Upper Cretaceous ; New Jersey and Kansas. 



Family 6. Olupeidae. Hemngs. 

Trank elegantly fusiform. Supraoedpital bone separating parictals, aitd otic 
region prominent ; cheek jdales reduced ; premaxilla very smail ; maxilla large, 
entering the gape, with two supramaxillaries ; dentition feeble. Operealar apparatus 
complete, biU few branchtostegal rays, and no gular plate. A single dorsal fin, nearly 
median, vnlhoitt adipose dorsal. Scales thin and cyd/nd, without bony layer. Lower 
Cretaceous to Recent. 

Diphmyslus, Cope, Abdomen compressed to a sharp edge, and bordered 
with large ridge scutes ; back between the occiput and dorsal fin armoured 
with smaller ridge scutes. D. dentaius, Cope, and other species finely preserved 
in the Eocene Green River Shales of Wyoming, U.S.A. Smaller species in 

the Upper Cretaceous 
of Mount Lebanon 
{D. brerissimus, Blv. 
sp.) and Brazil, and in 
the Oligoceae of the 
Isle of Wight. Living 
in the rivers of New 
P'-i:^ South Wales and 

Scombroclapea, 

Kner. As Clupea, but fintets spaced out between the small anal and the 
forked caudal fin. 
S. macrophihalma, 
Heckel sp., from 
Upper Cretaceous 
of Mount Lebanon 
and Comen, I stria. 
Clupea, Linn. 
Herrings. (Fig. 
172.) Abdomen 



Heyer. 
.rtnm. 



WUrUinberg. 




01lgoc«u«; RadobqJ, Cnu 

sharp edge, and 

bordered with large ridge scutes ; no dorsal scutes. Teeth minute on the 

jaws and palatines, larger on the vomer and fayoid. Dorsal fin small and 
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median. Not certainly known below the Upper Eocene of Monte Bolca, near 
Verona. Small species in the freshwater Lower Miocene of Unterkirchberg, 
near Ulm, Wiirtemberg. 

Alosa^ EngraidiSf Cuv. Tertiary and Eecent. 

Mdetta, Val. (Fig. 173). Small slender fishes with thick cycloid scales, 
which are marked with three to six pairs of radiating grooves. Jaws tooth- 
less. Ventral ridge scutes large. Tertiary and Kecent. Very common in 
the Lower Oligocene (Melettaschiefer) of the Carpathians, Croatia, Olarus, 
Alsace, etc. 

Family 7. Salmonidae. Salmon. 

As ClupeicUUy bid a small adipose fin behind the dorsal fin. Upper Tertiary 
and Kecent. 

Fossil skeletons of the existing Mallotus vUlosus, Miill., are very common in 
nodules in Pleistocene Clay on the coast of Greenland and in the glacial 
deposits of Canada. 

Family 8. Osteofirloesidae. 

Head hones much thickened^ and cheek plates robust. Margin of upper jaw formed 
both by premaxUla and maxilla. Scales large and thicky composed of mosaic-like 
pieces. Upper Cretaceous to Recent. 

Fhareodus, Leidy {DapedoglossuSy Cope). Laterally compressed deep- bodied 
fishes from the Eocene Green River Shales of Wyoming, U.S.A. 

(?) Brychadus, Ag. London Clay ; Sheppey. PlethoduSy Dixon. Cre- 
taceous ; England. Anogmius, Cope. Upper Cretaceous ; Kansas. 

Osteoglossum and other genera are large freshwater fishes living in the 
tropics. 

Family 9. HaXosauiidcke. Giinther. 

Eel-shaped fishes with pectoral and pelvic finSy a short dorsal fin, an extended anal 
fin usually confluent with the diminutive caudal, and both head and trunk covered with 
cycloid scales. Margin of upper jaw formed both by premaxilla and maailla. Verte- 
bral centra as ddicaie cylinders. Lateral line with luminous organs along the ventral 
border of the flank. Upper Cretaceous to Recent. 

HalosauruSy Johnson, living at great depths in the ocean. EchidnocephaluSy 
W. von der Marck, an almost identical genus from the Upper Cretaceous of 
Sendenhorst, Westphalia. 

Family 10. Dercetidae. Smith Woodward {Hoplopleuridaey Pictet p.p.). 

Eel-shaped fishes with pectoral and pelvic fins, a more or less extended dorsal fin, 
and separate anal and caudal fins. Parietal bones large and in contact ,7nesially ; 
premaxilla forming margin of upper jaw. Vertebral centra as delicate cylinder Sy with 
transverse processes bearing the ribs. No overlapping scales ; but paired longitudinal 
series of bony settles. Cretaceous. 

DercdiSy Agassi z. Snout elongated and pointed ; teeth minute and 
clustered. Dorsal fin occupying greater part of back, and pelvic fins inserted 
opposite to it ; anal fin short, opposite hinder end of dorsal ; caudal fin forked. 
Dermal scutes more or less angulated and ornamented with tubercles or spines ; 
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two dorsal series, two ventral series, and a paired series supporting the lateral 
line. D, scututus, Ag. Upper Cretaceous ; Westphalia. 

LeptotrachduSj W. v. d. Marck (Triaenaspis, Cope). As Dercetis, but dorsal 
fin not occupying more than middle third of back, and anal fin behind it. 
L. triqueteTy Pict. sp., and other species from the Cretaceous of the Lebanon, 
Westphalia, and South Dakota, U.S.A. L, lewesiensis^ Mant. sp., from English 
Chalk. 

Pelargorhynchus, v. d. Marck. Upper Cretaceous ; Westphalia. 

Stratodus, Cope. Premaxilla short, with several rows of teeth ; palatine 
and mandibular teeth large, numerous, in several rows, all with pulp cavity. 
Upper Cretaceous ; Kansas. 




Family 11. Enchodontidcie. Smith Woodward (Hoplopleuridae, Pictet p.p.). 

Rapacious fishes wUh more or less fusif 07171 trwnk. Parietal hones very smaU, 
separated by the supraoccipUal ; delicate premaxUla extended and nearly excluding the 
rod-like maxilla from the margin of the upper jaw, which bears very small teeth ; 
powerful teeth fused with the palato-pterygoid and dentary bones. Vertebral centra 
robust, none with transverse processes, A small adipose fin probably present behind 
the single dorsal fin. No scales ; hut a median series of dorsal bony scutes, and often 
a paired series of similar scutes supporting the lateral line. Cretaceous. 

Enchodus, Ag. {Eurygnathus, Davis ; Ischyrocephalus, v. d. Marck ; Holcodon, 
Kramb.), (Fig. 174). The largest and longest tooth at the anterior end of the 

palatine; large teeth of 
dentary spaced, increas- 
ing in length to the sym- 
physis. External bones 
more or less tuberculated. 
Three or four oval median 
scutes between the occiput 
and dorsal fin ; an adipose 
dorsal on the tail ; caudal 
fin forked. No postclavi- 
cular plate ; no scutes 
along course of lateral line, but a recurved booklet on each side of the caudal 
pedicle. E, hwesiensis, Mant. sp., from the Lower Chalk, S.-E. England. 
Well-preserved skeletons of other species in the Upper Cretaceous of West- 
phalia and the Lebanon. Fragments in the Upper Cretaceous of North 
America, and Maastricht Beds, Holland. 

Eurypholis, Pictet (Saurorhamphus, Heckel). As Enchodus, but a large 
postclavicular plate, and well-developed scutes along the course of the lateral 
line. E. boissieri, Pictet, from Upper Cretaceous of Hakel, Mount Lebanon. 
An imperfectly known species, erroneously restored by Heckel under the name 
of Saurorhamphus freyeii, Heck., from Lower Cretaceous, Comen, Istria. 

Cimolichthys, Leidy. Largest teeth in middle of palato-pterygoid arcade 
semi-barbed at apex. Clustered teeth in mandible, with simply pointed larger 
teeth at intervals. C, lewesiensis, Leidy, from Lower Chalk, S.-E. England. 
The semi-barbed teeth common in the European Chalk, known also in North 
America. 

Prionolepis, Egert.; Leptecodon, Williston. Upper Cretaceous. 



Fio. 174. 

Imperfect dentary bone of Enchodus letoesieimift Mant. sp 
Lower Chalk ; Lewes (after Agassiz). 
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HaUc, Ag, {PofRognalhiis, Dixon ; Arekaeogailns, v. d. Marck). Premaxilla 
very slender, with minute teeth ; maxilla equally slender, with a few relatively 
large spaced teeth at its hinder end. Palatopterygoid teeth closely arcanged, 
laterally compressed cones, largest in the middle of the arcade. No dermal 
scutes, except a pair of recurved booklets on the caudal pedicle. H. eupterygius, 
Dixon, well preserved in Lower Chalk, S.-K. England. Halec stentbergi, 
Ag., in Turonian, Bohemia. Other species in Upper Cretaceous, Mount 
Lebanon, and in Lower Cretaceous, Isle of Lesina, Dalmatia. 

Bmpo, Cope. Double series of teeth on palatine, none barbed. Premaxilla 
elongate, with one row of small teeth; mandibular teeth in two series, of 
which the outer are small and in several rows, while the inner are very large. 
Upper Cretaceous of Kansas and S.-E, England. 

Family 12. Soopelldoe, 

Premaxiila much exteiukd, exdiuliiuj maxilla from upper nuirgin of movth. 
SkuU aiul skeleton as in Enchodoittidae. A smaU adipose /n behind the dorsal fin. 
So air bladder. Trunk naked or scaly, vnthout tiony scutes. Cretaceous to 
Recent. 

Exclusively marine fishes, for the most part pelagic or deep-sea forms. 

Sardinioides, v. d. Marck. Teeth minute; maxilla expanded behind. 
Dorsal tin median ; paired fins small ; caudal fin slightly forked. Scales large, 
serrated at the hinder border. 6'. inoiiasteri, Ag. sp., from Upper Cretaceous, 
Sendenhorst, Westphalia. Other species from Mount Lebanon. 

Sardinius, v. d. Marck. Upper Cretaceous ; Westphalia. Leptosomus, v. d. 
Marck. Upper Cretaceous ; Westphalia and Mount Lebanon. Opisthopleryx, 
Pictet and Humb. Lebanon. 

ScopeUndes, Wettstein. Upper Eocene ; Canton Olarus. 

Parascopelus, Anaplerus, Sauvage. Upper Miocene ; Licata, Sicily. 

Bhineilus, Ag. (lehthyotriiiga. Cope), (Fig. 175). Slender fishes with very 
Urge pectoral fins, and the premaxillae produced forwards into a long point»l 



;aiiKUiu/>nn(u, Ag. iri<i<FrCRluu«oiM;8ti]dfnhont. W«IptiBlin (iiru-r tv. >, .1. Uunk). 

rostrum. Teeth slender and pointed. Dorsal fin small, in advance of the 
xtill smaller anal fln ; caudal fin forked. Scales smooth, slightly enlarged 
along the course of the lateral line. Upjwr Cretaceous; Westphalia, Mount 
Lebanon, and Dakota. 
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Family 13. Gonorhynchidae. 

PremaxUla smaller than maxilla, hut ezduding loiter from margin of upper jaw. 
No adipose dorsal fin. No air bladder. Scales deeply overlapping, fringed behind 
with short spines. Cretaceous to Recent. 

Charitosomus, W. v. d. Marck. Upper Cretaceous; Westphalia and 
Lebanon. 

NotogoneuSy Cope {Sphenolepis, Ag.). Freshwater Eocene (Green River 
Shales) ; Wyoming, U.S.A. Upper Eocene ; France and Germany. 

Family 14. Gheirothrioidcke. Smith Woodward. 

Scopdoids with enormously enlarged pelvic fins. Abdominal vertebrae with trans- 
verse processes. Cretaceous. 

Cheirothrix, Pictet and Humbert (Megapus, Schluter ; Megistopus, Landois). 
Branchiostegal rays very large, eight or nine in number. Pectoral fins compara- 
tively small and delicate, with only one ray considerably elongated ; the enlarged 
pelvic fins close to the pectorals, with about seventeen rays ; dorsal fin deep, 
arising immediately behind the head ; anal fin small ; caudal fin forked. C. 
libanicus, P. and H., from Upper Cretaceous, Mount Lebanon. C. guestphalicus, 
Schliiter sp., from Westphalia. 

Family 15. Bsooidae. Pikes. 

Trunk elongated, with large cycloid scales. PremaxUla and maxilla entering 
upper border of mouth. PremaxUla, mandible, palatine, and vomer with stout, 
pointed teeth ; maxilla toothless. Dorsal fin remote. Miocene to Recent. 

Fine specimens referable to the existing genus Bsox, Cuv., occur at 
Oeningen and in other Miocene freshwater formations in Europe. 

Family 16. Oyprinodontidae. Toothed carp& 

Small freshwater fishes with cycloid scales. PremaxUla excluding maxUla from 

upper margin of mouth; no barbels. Margin of 
jaws and pJiaryngeal bones wUh pointed teeth. No 
anterior vertebrae fused together. No adipose dorsal 
fin. Tertiary and Recent. 

Of the genera of this family, Prolebias, Sauvage, 

i^via< .n.yeri^ Z Litorineiia.ciay ; ^^^^^^ ^o Lcbixis, Cu V. (Fig. 1 76), is remarkably com- 
Frankfurt-a.-M. Nat. size. mou in the OHgoccne and Miocene of Europe. 

Family 17. Osn^rinidae. Carps. 

Freshwater fishes wUh cycloid scales. PremaxUla excluding maxilla from upper 
margin of moulh ; barbels present or absetU. Mouth toothless, but lower pharyngeals 
falciform and bearing one to three rows of hollow prehensile teeth. Usually only three 
hranchiosfegal rays. Anterior vertebrae fused togetJier, and air bladder connected 
with organ of hearing by a chain of ossicles. Upper Tertiary and Recent. 

The Cyprinoids are numerous in the fresh-waters of the Old World and 
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North America, but do not 
fossil Bpecies, all from freab- 
water formations, belong 
to the existing genera 
Leudsais, Klein (Fig. 177), 
Tinea, Gobio, Barbus, Cuv., 
Bhodeus, Aspius, Ag. (Fig. 
17 8), CypTinas, Cohitis 
(Artedi), Linn., Nemachilus, 
Cuv,, Thifimkhthys, Bleeker, 
etc. The only extinct 
genera, such as Amyzon, 
Diadickus, Oligohelus, Cope, 
and others, are closely b 
related to existing forms. 



' in South America. Most of the known 



ipprr Mi 




Siluridae. Cat'li9he& 



Family 1 

ScaUless fishes, naked or armoured wilh bony plates. PremaxAla excluding 
maxilla from upper margin of mouth, the rudimentary maxilla usually supporting a 
barbel. Svboperculum absent. Infraclavicular plates present. Anterior pedoral fin 
ray usually a strong bony spine. Anterior vertebrae and air Madder as in Cyprinidae. 
Eocene to Recent. 

The Siluroids form a very numerous family of freshwater fishes, ranging 
over all temperate and tropical regions, and a few sometimes passing into the 
sea round the coasts. Fossil remains are rare, and represent fishes closely 
resembling those still surviving. The oldest known fragment is a portion of 
head (Bueklandtum diluvii, Konig) from the London Clay of Sheppey. Typical 
remains of Arius occur in the Middle and Upper Eocene of the Hampshire 
Basin and Belgium. Other genera are recorded from the Eocene of Wyoming, 
U.S.A. (Rhineasles, Cope), the Lower Pliocene of the Siwalik Hills, India, 
and a Tertiary Lignite near Padang, Sumatra. 

Family 19. Murasnidae. EeK 

Body muck elongated, cylindrical or rOkni'Shaped. PremaxUlae fused with 
ethmoid and vomer ; upper jaw formed laterally by the toothed maxilla. Dorsal fin 
much exteTtded, often meeting the anal round the tail. Pectoral arch not suspended from 
the cranium ; pelvic fins wanting. Skin naked, or with smalt, rudimentary, cycloid 
scales. Upper Cretaceous to Recent. 

UrencMys, Sm. Woodw. With separate caudal fin. Upper Cretaceous; 
Safael Alma, Lebanon, and English Chalk. 

Eomyras, Storms. Middle Eocene; Belgium. 

Species of existing genera from marine Upper Eocene, Monte Boica, and 
freshwater Upper Miocene, Oeningen. 



Order 2. PHYSOCLYSTL GiU. 

Air bladder, when present, not connected by a Ivpe with the oesophagus in the 
adult {except in certain Beryddae). (lills perlinate. Pelvic fins vanaUy far forwards ; 
fin rays articulated or spinous. Scales, when present, cycloid or ctenoid. 



Bsb-Ordei L AHAOANTHINI. UfUler. 

All Jin rays fiexiUe atut arlieviuted. Petvii- fins jw/ular or thoracic. Plmryntjcol 
bones not fmeii together. 

Family 1. Ghadidae. Cod'&>lic». 

Slonffoled fisiies with broad head, ami Vie toollied premaxilla excluding the 
maxilla from ike upper margin of the movth. Pelvic fins jugviar. Dorsal fin 
extending almost the whole length of the back, sometimes ^Minded into tico or three 
parts; anal fin mvch extended, sometimes divided into tico. Scales small ami smooth. 
Eocene to Recent. 

Foaeil representatives of this family are rare. Nemopteryx troscheli, vom 
Kath, occurs in the Upper Eocene elates of Canton Glarua. Bemaine of 
Phyds, Slrinsia, Gadus, and Brosmius have been described from the Miocene of 
Hungary, Croatia, and Sicily. Undetermined Bkulla are known from the 
London Clay of Sheppey. 

Family -2. Pleuroneotldae. Flat-fietieo. 

DisC'iliaped finlies, much laterally compressed and asymmetrical, with bath tlie 
eyes on one side of the head — the upper side when at rest. Dorsal and anal fins 
edending almost the whole length of the truni. Pelvic fins jugular, in front of the 
pectorals. Mr bladder absent. Scales, when present, minute and ctenoid; upper 
side of body coloureil, lower side cdovrUss. Upper Eocene to Recent. 

The flat-fiBhes are very numerous in the existing fauna, living on sandy 
coasts, and some of them entering the mouths of rivers. They are extremely 



rare among fossils. A small species of Khombus, Klein, occurs in the Upper 
Eocene of Monte Bolca. Solea, Cuv., is known from the Lower Miocene of 

Wiirtemberg (Fig. 179). 



SnVOrder 2. PHABTHOOONATHt HiUler. 

Fin rays articulated or partly sj^nous. Lower pharyngeal bones fitted togetliet 
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Family 1. Soombresooldae. 

PremaxiUa wnd maxilla fm-ming margin of upper jaw. Pectoral jins sometimes 
muck enlarged, wingJike ; pelvic fins afjdomiruU; dorsal Jin remote, opposite the anal 
fin; all fin rat/s articulated and fiexibU. Scales cycloid. Eocene to Recent. 

Holoateus, Ag., from the Upper Eocene of Monte Bolca, and extinct species 
of Belone, Cuv., and Scombresox, Lacfip., from the Miocene of Europe, are 
referred to this family. 

Family S. Pomacestrltlae. 

Short, laterally compressed, spiny-finned fishes, with ctenoid scales. Dentition 
feeble. Palatines toothless. Pelvic fins thoracic, with one spine and five divided rays ; 
dorsal fin extended, with numerous spines ; anal fin with two or three spines. Epicene 
to Recent. 

Here are placed Odonteus, Ag., from the Upper Eocene of Monte Boica, 
and Priscacara, Cope, from the Eocene Green River Shales of Wyoming. 



Family 3. Labridae, Wraastn. 

Brillianilg oAoured fishes with cycloid scales and thick fitshy lips. Teeth on 
margin of jaws powerful ; palate toothless. United lower 
pharyngeals much thickened and forming a plate beset with 
roandeil, rarely acuminate grinding teeth ,- upper pluiryngeids 
usually separate, bearing similar teeth. Eocene to Recent. 

The wraaaes chiefly inhabit tropical seaa at the present 
day. 

Phyllodus, Ag. (Fig. 180). Known only by pharyngeals 
bearing smooth, thin, flattened grinding teeth,- Grinding 
surface of upper plate slightly concave, lower convex. 
Teeth arranged in rows, the middle row large. Several pio. iso. 

layers of successional teeth usually He beneath those in piiyiu>iiu nt.ih.,. An- , 
function. Eocene and Miocene^ Europe and North tiua, "mfi. "■;""*" LonSou 
America. c^\\\\ '**'''*'' ''"*''' 

Nummopalatvs, Rouault (Phan/ngodopUus, Cocchi), {Fig. 
IS\). Lower pharyngeals triangular, covered with a pavement of numerous, 
J g small, round or oblong grinding teeth, 

of which there are always several 
superimposed layers. Upper pharyn- 
geals separate, triangular, covered with 
grinding teeth. Eocene ; Virginia. 
Miocene and Pliocene ; Europe. 

TauriniclUhys, Cocchi. Miocene. 
The existing genera Labrus, Artedi, 
' and Scarus, Forsk., are also represented 
in the Upper Tertiaries. 



ft 



Bob-Order 3. AOAHTHOPTEBI. HiiUer. 

Some of the rays of tlte pelvic and median fine spinous, ml ariiadaled. Pelvic 
fins usuailt/ advanced far forwards. Lovxr pharyngeals separate. 

In the esisting fauna the Acanthopteri form by far the most numerous 
group of fishes. 

Family 1. Beryoldae. 

Trv/nk short, eomprested, and rather deep, wiih denoid or cycloid scales, rarely 
naked. Head hones ridged to form large muams-cavities ; orbits large and lateral ; 
mouth usually obligve, the jaws and generally also the palate with small pointed teeth. 
Operculum more or less serrated or ridged. I'eltic Jins thoracic, with on anterior 
spine and more than Jive divided rays. Upper Cretaceous to Recent. 

The living Berycidae are marine fishes, most of them inhabitating consider- 
able depths. 

Hoplopteryx, Ag. (Fig. 182). Head short. Dorsal fin deep, with a few 
spaced spines in front; anal fin with four or five spines. Scales large and 



Hn}iaptir^, iipjut, ArhiviIi Ap, l^weT PLniier : Welilnwiti, Br)1ieinla. 1/3 Mt. siw (nfter FritHch). 

ctenoid. Common in the Upper Cretaceous. H. lewesiensis, Mant., from the 
English Chalk, and other species originally referred to the surviving genus 
Beryx. 

Sphfnocfphalus, Ag. Upper Cretaceous, Westphalia. Pycnosterinx, Heckel. 
Upper Cretaceous, Mount Lebanon. 

The two surviving genera, Hotocentntm and Myripristis, Cuv., are repre- 
sented by extinct species in the Upper Eocene of Monte Bolca. 

Family 2. Peroldae. Perches. 

Trunk elongated, with ctenoid- scales. PremaxiUa, mandible, vomer, and palatine 
with pointed teeth ; six or seren branchioslegal rays. Pelrie Jins thoracic teiih an 
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anterior spin* and not more than jive divided rays; one or two dorsal fins, the fori 
most pari with long spines. Eocene to Recent. 

The perches are predaceoua fiahea of the 
tropical and temperate seas and fresh- watere. 
Numerous fossil representatives occur in the . 
Tertiary formations of Europe and North 
America. Some belong to extinct genera, such 
as Paraperea, Sauvage, Smerdis, Ag. (Fig. 183), »io, isj, 

Acanus, Ag., Mioplosm, Cope, and Erisma- Sfii«iii.win«(M, Ag. oiiKocenp; ah, 
topterus, Cope. Others have been referred 
to the existing genera Serranus, Pdates, IhUes, Gerres, Lahrax, and Ijites, Ciiv. 




Family 3. Sparidae. Sea-breamH. 

Brightly coloured, rather deep-bodied fishes, icilh very delicately serrated ctenoid 
stales. Margin of jaws provided in front with conical or cutting teeth of different 
shapes, which are usuallt/ followed behiiul by several rotes of round or oval grinding 
teeth ; palatine and vomer toothless. Pelvic fins thoracic, viith one spine and five 
divided rays; dorsal fin single, the anterior spinous part atfpast simitar to the 
posterior soft part ; anal fin with three spines. Cretaceous to Recent.- 

The aea>breams, which are easily recognised by their peculiar dentition, 



live at the present day in the tropical s 
and Crustacea, which they crush with 
their teeth. 

Spamodtts, Ag., occurs in the Upper 
Eocene of Monte Bolca. Sargus, Cuv., 
Trigonodon, Sismonda (Fig. 184), and 



, feeding especially on Mollusca 



■ vl1l4 of CKryaophry* aurata. 



Chrtfsopkrys, Cuv. (Capitodus, Miinst.), (Fig. 185), range from the Miocene to 
existing seas. 

Sfephanodus, Zittel. Cutting teeth from Upper Cretaceous, Libyan Desert, 

The families Fristipomatidae, Bcorpaenidae, TeathididM, Ziphiidae, and 
Chaetodontidae are represented in the Tertiaries by fishes scarcely differing 
from the surviving forms. 



Family 9. Palaeorh7Dohidae. 

Elongated, low, atul laterally compressed fishes. Snout producal into a long 
beak; jaws toothless or with very small denticles. Verlehrae long and slender; 
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spinous proctases and ribs ddieaie. Pdvk Jim Ihoracic, wtik severat rags ; dorsal 
fin extending from the occiput to Iht fail ; anal fin extending from the anus to the 
deft caudal fin. Eocene. 

The two fiufficiently well-known genera Palaeorhynchas, Blv., and Hemi- 
rhynehus, Ag., occur abundantly in the Middle Eocene Calcaire Groesier of 



Parle, the Upper Eocene sandstone of Galicia, in the black slates of Glarue, 
and near Buchsweiler in Alsace. P. glarisianus, Blv., H. deshai/esi, Ag., and 
P. zitteli, Kramb. sp. (Fig. 186). 

Family 10. Triohiuridae. 

Elongated and taterallif compressed, almost ribiion-sliajied predaceous fishes. 




Upper Eocenf< ; lUftCt, near OUnifl. 

Gape of mouth wide, jaws and palatine bones with powerfvl conical teeth. Dorsal 
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Devonian of the Eifel, Nassau, Westphalia, and Belgium. Gigantic Arthrodires 
(Dinichthys, Titanichthys, Diplognaihus) and Selachii are remarkably abundant 
in the Middle and Upper Devonian of Ohio, Wisconsin, and New York. 
The Devonian fish fauna consists of Arthrodires, Ostracoderms, many Ganoids 
(Grossopterygii and Heterocerci), Dipnoans (Ctenodipterini), and Selachians 
(Pleuropterygii, Acanthodii, Holocephali). 

The fishes of the Carboniferous System are obtained partly from the 
marine Carboniferous Limestone, partly from the shales and sandstones of the 
productive Coal Measures. The enormous development of the Selachii,^ of 
which, however, only teeth and fin spines are commonly preserved, sharply 
distinguishes the Carboniferous fish fauna from that of the Devonian period. 
The Cochliodontidae, Psammodontidae, and Petalodontidae are almost ex- 
clusively confined to the Carboniferous Limestone, while the Cestraciontidae 
are also well represented ; the Acanthodians and Pleuropterygians continue, 
the Pleuracanthidae begin. The heterocercal Ganoids are the principal 
associates of the Selachii ; the Grossopterygii and Ctenodipterini are still 
present, but in diminished numbers. 

The fishes of the Permian system are closely similar to those of the pro- 
ductive Coal Measures. They occur in the Rothliegenden of the Saar Basin, 
Bohemia, Saxony, Silesia, and France ; in the Magnesian Limestone of England; 
in the Kupferschiefer of Thuringia and Hesse ; and in the probably contempor- 
aneous strata of Texas and New Mexico. The Heterocerci are by far the most 
numerous. Of the Grossopterygii, CodacarUhus and Alegalichthys alone survive in 
Europe. Among the Dipnoi, the genera Ctenodus and Sagenodus are especially 
widely distributed. In comparison with the Carboniferous fish fauna, that of 
the Permian period is noticeably destitute of Selachii. Here, however, the 
remarkable Pleuracanthidae attain their maximum development, and are 
associated with a few Cochliodontidae (Menaspis), Petalodontidae {Jaiiassa)^ 
and Acanthodidae. 

The abrupt break in development, which is observable in most sections of 
the animal and plant world at the close of the Palaeozoic epoch, is also 
conspicuous among the fishes, although the Triassic fish fauna exhibits many 
resemblances to that of the Permian. Among Selachii, the Pleuracanthidae, 
Cochliodontidae, and Petalodontidae are wanting; the Plagiostomi, on the 
other hand, are well represented. Teeth and fin spines of the Cestraciontidae, 
for example, are very numerous in the Muschelkalk and uppermost Keuper. 
The occurrence of heterocercal scaly Ganoids of the family Palaeoniscidae, as 
well as the persistence of a few Crossopterygians, is indeed reminiscent of 
Palaeozoic times ; but the most numerous and best preserved Triassic fishes 
belong to the enamel-scaled Lepidostei, of which the Permian system affords 
only a single genus (Acentrophorus). Among the Dipnoi the persistent 
CercUoduSf represented principally by teeth, plays an important part. The 
Teleostei are already represented by some small Clupeoids {Megalopierus). 

The fish fauna of the Lias is a direct continuation and further development 
of that of the Trias. No less than 152 species were described by Agassiz and 
Egerton, and of these 79 occur only in the Lower Lias of Lyme Eegis in 
Dorset. The Middle Lias contains few fishes : but the Posidonia shales and 
bituminous limestone of the Upper Lias c in Swabia and Franconia, as well as 

' Hay, O, /'., The Chronological Distribution of the Elasniobranchs (Trans. Amer. Phil. Soc 
vol. XX.), 1901. 
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Ag., Vomer, Cuv., Caranx, Cuv., Carangopsis, Ag., Lichia, Cuv., Dnctor, Ag., 
TrachinotuSy Lac^p., Seriola, EquiUa, Cuv., AcarUhonemuSy Ag., etc. 

Family 13. Ck>ryphaenidae. 

I'runk laterally compressed. Teeth small and conical or wanting. Dorsal fin 
extended, without spines. Eocene to Recent. 

Here is placed the genus Mene, Lac^p. {GasteronemuSy Ag.), with extinct 
species in the Upper Eocene of Monte Bolca. 

Family 14. Sooxnbridae. Mackerels. 

Trunk elongated, naked or with small scales. Teeth conical. Pelvic fins thoracic ; 
two dorsal fins, the hinder usually consisting of separate tufts. Eocene to Recent. 

ThynnuSy Cuv. The existing tunny. Mostly large cylindrical fishes, 
covered with small scales. Anterior dorsal fin with twelve to fourteen spines, 
which are not remarkably elongated ; six to nine small, separate, tufted fins 
behind the posterior dorsal fin. Teeth small. Several species in the Upper 
Eocene of Monte Bolca, the Miocene of Oran, Algeria, and the Pliocene Crags 
of Belgium and England. 

The genera PalimphyeSy Ag. ; Isurichthys, Woodw. ; Opisthomyzon, Cope 
(allied to EcheneiSy Art.), occur in the black slates of Glarus ; Orcynus, Cuv., 
in the Upper Eocene of Monte Bolca; Megalolepis, Kramb., in the Lower 
Menilite shales of Baschka in Galicia. The existing genera Scomhei'y Art., 
AuxiSy Cuv., are represented in the Miocene of Croatia, and Cybiuniy Cuv., 
in the Eocene, Oligocone, and Miocene. 

The families Oyttidae, Trachinidae, Lophiidae, Oataphracti, Cottidae, 
Bleniidae, and Qobiidae have very few fossil representatives in the Tertiary. 

The earliest members of the families Mugilidae, Sphyraenidae, and 
Atherinidae occur in the Upper Cretaceous of England, Colorado, and New 
Mexico (CalamopleuruSy Dixon; SyllaemuSy Apsopdix, FelycorapiSy Cope). 
Sphyraenay Bloch, BhamphognathuSy Ag., MesogasteTy Ag., and Atherina] Linn., 
occur in the Upper Eocene of Monte Bolca ; Mngit princepSy Ag., in the Upper 
Eocene of Aix-en-Provence. 

Family 25. Aulostomidae. Flute-moutha. 

Elongated marine fisheSy with elongated tube-shaped snout and remote dorsal fin. 
Occiput movahly articulated with the vertebral column; teeth small. Spines little 

developed. Pelvic fins abdominal or 
thoracic. Scales small or absent. Eocene 
to Recent. 

At the present day the Aulostomes 
Fio. 189. chiefly inhabit tropical seas. ' Fisiu- 

Amphisyu hHnrkhH, Heckei. Upper Eocene; lariay Linn., and Autostomay Lac6p., and 

the extinct genera Urospheny Ag., and 
BhamphosuSy Ag., occur in the Upper Eocene of Monte Bolca. The small, 
dorsally armoured genus AmphisyUy Klein, which still survives, characterises 




SUB-CLASS VI 



TELEOSTEI 



109 



the Upper Eocene Menilite shales of Galicia (Fig. 189), and the Meletta shales 
in Upper Alsace and the Vienna Basin. 

Family 26. Bloohiidae. 

Elongated fishes with very long heahshajped snout, which is formed by the equally 
produced and finely toothed jaws. The entire trunk covered with cordiform or 
rhombic bony scales, which are mostly keeled and overlap each other. Pelvic fins 
small, beneath the pectoral pair ; dorsal fin arising at the occiput and extending 




Fio. 190. 
Blockius longiroMtris, Volta. Upper Eocene ; Monte Bolca. Ve "At. size (after Agas8izX 

almost to the caudal fin, composed of a spaced series of long spines ; anal fin also 
much extended and consisting of similar spines ; caudal fin large. Eocene. 

The only known genus is Blochius, Volta (Fig. 190), from the Upper 
Eocene of Monte Bolca. 

Sub-Order 4. LOPHOBRANOHIL Ouvier. 

Gills arranged in tufts on the branchial arches and protected Ity an operculum. 
Snout with tubular extension, and jaws toothless. Pelvic fins, often also the anal 
and caudal fins wanting. Skin armoured unth thin bony plates. 

Only very few fossil representatives of the two families of this remarkable 
group are known. The elongated Solenostomidae, in which all the fins are 
developed, have an Eocene forerunner in the genus Solenorhynchus, Heckel, 
from Monte Postale. Extinct species of Siphonostoma, which is still common 




Fio. 191. 
Siphonostoma albyi, Sauvage. Upper Miocene ; Lieata, Sicily (after Bauvage). 

in the Mediterranean, also occur in the Upper Miocene of Lieata, Sicily 
(Fig. 191), and of Tuscany. Several Tertiary forms of Syngnathidae are 
known ; Syngnathus, Pseudosyngnathus, and an extinct genus Calamostoma, Ag., 
occur in the Eocene. 



Sub-Order 5. PLEOTOGNATHI. Ouvier. 

Skin covered ninth roughened scales, bony spines or plates, rarely nuked. Skeleton 
incompletely ossified. Maxillae and prernaxillae fused together into a solid beak. 
Gills pectinate. Pelvic fins wanting or represented by spines; dorsal fin unth 
articulated rays opposed to the anal fin. 
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graph of 1873, Sauvage describes 52 species from Licata, aud of these 44 are 
of marine origin. The character of this fish fauna is essentially Mediterranean, 
but without exception the species are extinct. So far as fishes are concerned, 
there is scarcely any noteworthy difference between the Pliocene fauna and 
that of the present day. 

The distribution of fishes in -time affords many facts illustrating the 
development of this class. In the Palaeozoic epoch there were only Selachii, 
Holocephali, Dipnoi, Ostracodermi, and Ganoidei ; the Selachii and Ganoidei, 
indeed, appearing together in the Silurian. These two main divisions of the 
phylum of fishes must thus have become separated very early, if indeed they 
originated from a common stock. 

Fossils beginning in the Old Red Sandstone, and ranging through all 
later formations, prove that the Holocephali had already diverged from the 
Selachii in Palaeozoic times, and the branch has been preserved with its 
partially embryonic characters (polyspondyly, autostyly) until the present day. 

The origin of the Dipnoi is quite obscure. Their Palaeozoic representa- 
tives agree in many respects with the Crossopterygii. As, moreover, the 
Dipnoi also share important characters with the Holocephali, it seems probable 
that the Holocephali, Dipnoi, and Ganoidei arose from a common stock. 

So far as the development of the internal skeleton is concerned, the 
Ostracodermi and Arthrodira iEire quite primitive. Their origin is wholly 
unknown. Among the Ganoids the Crossopterygii form an isolated group, 
well separated from the other orders both phylogenetically and systematically, 
having its last survivors in the modern Polypteridae, and probably more closely 
related to the Dipnoi and Amphibia than to the other Ganoids. The Hetero- 
cerci, Lepidostei, and * Amioidei form a closely connected group of Ganoids. 
It has already been remarked that the first order not only precedes the 
Lepidostei in time, but is also probably ancestral to them. The Amioids may 
have diverged from the Lepidostei during the Triassic or Jurassic period. 

The Teleosteans are merely a great lateral branch of the Ganoids. It is, 
however, improbable that they are of monophyletic origin ; for although the 
Clupeoids are the ancestral group of most of the Physostomi, which have 
arisen from the Mesozoic Amioids, other families even on their first appearance 
seem to be so remotely allied to Clupeoids that a different origin must be 
sought for them. The Physoclysti are indeed only derivations of the Physo- 
stomi differentiated in various directions. 

[The section Pisces has been translated and revised by Dr. Arthur Smith Woodward, of 
the British Museum, who has attempted to bring the subject up to date, while preserving in 
the main the author's methods and principles of classification. — Ed.] 

Class 2. AMPHIBIA. Amphibians and Batracliianai 

Cold-blooded voiebrates, aqtiatic or ierreshial in habit, usually naked, hut sanie- 
tinies with a C4)rmo\is or osseous dermal covering ; respiration both branchial and 
prdmmiary in early stages, and in some forms gills remain functional througltout life. 
Development by metamoi'pfwsis, but without amnion and allantois. Skull with two 
occipital condyles, Ril)S never attached to sternum. Limbs adapted for ambidaticn 
or natation, never in the form of fins, and rarely absent. 

^ Ititffmann^ C. K., Die Amphibian. Bronn's Classen nnd Ordnuugen des Tliierreiclis, vol. VI. 
pt. 2, l^7S-7S.— ]Vatjner, J., Natiirliches System der Amphibien, 1828-33. 
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In external appearance amphibians more nearly resemble reptiles than 
iishes. The body is generally elongate, and terminates as a rule in a well- 
developed tail, although some small forms (Anura) are ecaudate. Among 
recent amphibians limbs are wanting only in the Coecilians (Gymiiophiona), 
Certain extinct Stegocephalians (Aistopoda) appear also to have been com- 
pletely apodal ; but elsewhere two pairs of limbs are invariably present, the 
anterior usually terminating in four digits and the posterior in five. 

Kecent amphibians are naked with the exception only of the Coecilians, 
which are covered with small scales arranged in transverse rings. The fossil 
Stegocephalians usually have a scaly armature on the ventral surface, and 
sometimes on the dorsal as well. 

The number of vertebrae in the spinal column is extremely variable 
(10-150), depending upon the length of the body and especially the tail. 
Cervical, dorsal, sacral, and caudal regions are distinguished. 

The most primitive form of vertebrae occurs in the Palaeozoic ' Stego- 
cephalians, where the notochord is enclosed by thin cylinders of bony tissue, 
or by separate pleurocentra and hypocentra, as in early Ganoids. Where the 
column is more completely ossified, three types of vertebrae are exhibited. 
The first, or amphicoeloiis^ is biconcave ; the procoelous has the anterior vertebral 
face concave and the posterior convex; and in the opisthocoelous type the 
anterior face is convex and the posterior concave. 

The cervical region comprises but a single vertebra, the atlas, although 
this probably corresponds to both atlas and axis of higher classes. Ite con- 
cave anterior face receives the bony or cartilaginous occipital condyles, and 
is often provided with a spatulate, forwardly directed basal process. Each of 
the dorsal vertebrae supports a neural arch (neurapophi/sis), which becomes 
earlier and more completely ossified than the centrum, and may be either 
suturally united or anchylosed with the latter. The two halves of the neural 
arch unite above to form a more or less strongly developed spinous process 
(spina dorsalis) ; and they bear anteriorly and posteriorly a pair of oblique 
articular processes (processus obliqui^ zygapophyses)^ the forward pair of each 
vertebra overridden by the hinder pair of the next in front. The neural arch 
also supports, as a rule, a pair of transverse processes (diapophyses) for the 
attachment of ribs. When the latter are double-headed, as is often the case, 
another and shorter lateral process ( parapophysis) is developed by the body of 
the vertebra. 

The sacral region is also formed by a single vertebra, which supports the 
pelvis, the latter being attached either directly by means of exceptionally 
stout transverse processes, or by sacral ribs, usually of peculiar form. Haemal 
arches (hciemapophyses, " chevron bones ") are commonly borne by the caudal 
series, the foremost of which sometimes have ribs attached to the transverse 
processes of the neural arch. The entire series of caudals in the Anura is 
fused into a single elongate piece called the coccyx. 

The primordial cranium remains partly cartilaginous throughout life, and 
is partly replaced by bony pieces, which are either direct ossifications of the 
cartilaginous capsule (exoccipitals, auditory capsules, quadrate, sphen-ethmoid), 
or are investing bones (parietals, frontals, nasals, vomer, parasphenoid). The 
basioccipital and supraoccipital usually remain small cartilaginous tracts ; but 
save in certain Stegocephalia and a few other forms, the exoccipitals are completely 
ossified, and bear the articular condyles. The exoccipitals are of considerable 
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size, and enter into the border of the tympanic region. The latter is roofed 
by several small bones corresponding to the prootic and opisthotic of fishes, or 
these may unite into a single element called the petrosal. The antero-lateral 
walls of the skull remain cartilaginous ; but in the ethmoidal region an ossifi- 
cation takes place, forming the orbitosphenoid which is usually separate, but 
sometimes (Anura) fuses with the median elements to form a single ring- 
shaped bone (sphen-ethmoid). 

The cranial roof is formed by the paired parietals, frontals, pre- and post- 
frontals, and nasals; and in Stegocephalians there are present in addition the so 
called supratemporals, squamosals, postorbitals, and lachrymals. The palate is 
formed as in fishes by a large median parasphenoid, and usually paired vomers, 
and palatines. There is no movable suspensorium for the lower jaw; the 
cartilage representing it unites with the squamosal above, and quadrato-jugal 
below. Sometimes an ossified quadrate is formed at the end of the suspen- 
sorial cartilage. Attached to the quadrato-jugal in front are the maxillae, 
and anterior to these the premaxillae, which complete the rim of the upper jaw 
in front. Many of the Urodeles have the maxillae and quadrato-jugal replaced 
by connective tissue. Between the quadrate and parasphenoid is placed the 
pterygoid, usually a trifid bone which joins the parasphenoid by its shorter 
arm, while its anterior branch forms the outer border of the palatal vacuity. 
The palatines, when present, usually join the anterior ends of the pterygoids, 
and extend parallel with the maxillae. The mandibular ramus is composed 
of' three or four elements, as in fishes. The visceral skeleton is formed by 
the paired hyoid bones, and, in gill-breathers, by three or four partially ossi- 
fied branchial arches. 

The teeth are acutely conical, and are commonly borne by the mandible, 
maxillae, premaxillae, vomer, and palatines. Barely the parasphenoid and 
pterygoid are armed with minute teeth, and only certain Anura are edentulous. 
Teeth of the acrodont type have their bases implanted directly upon the 
rim or top of the jaws ; those of the pleurodont type are sunk against the 
inner side of the jaws. As in Ganoids and bony fishes, worn teeth are not 
replaced by successional ones developed beneath them, but new ones are 
formed independently alongside the old, and gradually oust the latter as their 
basal parts become reabsorbed. Amphibian teeth differ from those of fishes 
chiefly in the absence of vasodentine ; and the spacious pulp cavity which 
during life contains vascular or connective tissue, occurs in the fossil state 
either hollow or impregnated with mineral matter. Some Stegocephalians 
have complex or " labyrinthodont " teeth, the dentine being strongly folded, 
as in certain Crossopterygian fishes. 

In the pectoral arch the scapula is ossified in at least its proximal portion, 
where it joins the coracoid and pre-coracoid, and forms the articular face 
for the humerus. A bony sternum is usually absent. Stegocephalians 
are peculiar in possessing between the pectoral limbs one median and two 
paired exoskeletal plates, commonly regarded as interclavicle and clavicles. 
The fore-limb is composed of the usual bones, humerus, radius, and ulna ; a 
carpus which is either cartilaginous or consists of two rows of ossicles ; and 
three, four, or five metacarpals which support digits with from one to four 
phalanges. 

The pelvic arch is composed of a long and slender bony ilium, which is 
attached either directly to the transverse process of the sacral vertebra, or to 
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the sacral ribs, and is directed obliquely downward ; a flattened, sometimes 
discoidal bony ischium ; and a cartilaginous or ossified pubis lying imme- 
diately in advance of the ischium. The ilium and ischium usually take part 
together in the formation of the acetabulum, which receives the femoral head. 
In the Anura the tibia and fibula are fused. The tarsus is cartilaginous or com- 
posed of several small ossicles, and the pes resembles the manus, except that 
it is usually pentadactyle. 

Four orders of Amphibians are recognised as follows : — Stegocephalia^ Gymno- 
phiona, Urodda, and Anura. 



Order 1. STBGOCBPHALIA.1 

Salamander or lizard-like cavdate amphibians^ the cranial roof and whole of the 
cheek covered with plates ; cranial roof posterior to the orbits formed by two pairs of 
median and two pairs of lateral elements ; pineal f 01 amen always occurring in the 
parietal. Teeth sharply conical, with large pulp cavity, and walls sometimes highly 
cjomplicated by infolding of the dentine. Vertebrae consisting^ either of simple 
cylinders, or of separate pleurocentra and hypocentra, or of completely ossified amphi- 
coelous centra. Three exoskeletal plates present in th^ thoracic region, interpreted 
as clavicles and interdavide. Usually a ventral and sometimes a dorsal aimouring 
of small overlapping scales. 

The Stegocephalians range from the Carboniferous to Upper Trias, 
and comprise the largest known amphibians. A tail is invariably present, and 
in most cases, two pairs of limbs ; only a few genera are apparently destitute 
of appendages. 

Unlike recent amphibians, most Stegocephalia possess a well-developed dermal 
armour of bony scales or scutes, which almost always covers the ventral sur- 
face of the body, and sometimes extends to the under side of the limbs and 
back as well. Dorsal scales, however, are thinner than the abdominal, and 
are usually round or oval. The ventral scutes are sometimes thickened, and 
always arranged in regular series. The abdominal series form oblique rows 
meeting at a sharp angle along the median line, but those covering the 
thoracic, pectoral, and caudal regions, and under side of the limbs are arranged 
in different patterns. The scales are of true bony tissue, and vary considerably 

* Literature : 

Ammon, L. r., Die permischen Ampbibieii der Rheinpfalz. Munich, 1889. [Extensive biblio- 
graphy.] — BauTy O.y The Stegocephali : a Phylogenetic Study (Anat. Anz. vol. XI. No. 22), 1896. — 
BrffUiy F.y and Stickler^ /*., Ueber Eryops megacephalus Cope (Palaeontogr. vol. XLVI.), 1899.— 
Bnmieister^ H.^ Die Liab}Tinthodonten aus dein bunten Sandstein von Bemburg. Berlin, 1840.— 
Die Labyrinthodonten aus dem Saarbriicker Steinkoblengebirge. Berlin, 1850. — Cojw, E, />., 
Synopsis of the extinct Batrachia and Reptilia of North America (Trans. Amer. Phil. Soc. vol. 
XIV.), 1869.— /6*rf. N.S., vol. XVf., 1886.— Batrachia of the Permian Period of North America 
(Amer. Nat. vol. XVIII.), 1884. — Cralner, H., Die Stegocephalen aus dem Rothliegenden bei 
Dresden. Parts I.-X. (Zeitschr. deutsch. geol. Ges.), 1881-93. — Fraas^ E.. Die Labyrinthodonten 
der schwabiwrhen Trias. (Palaeontogr. vol. XXXVI.), 1889. — Fritsch, A.y Die Fauna der Gaskohle 
und der Kalksteine der Permformation Bohmens. vols. I.-III., 1883-94. — Huxley^ G. H., Vertebrate 
Remains from Kilkenny (Trans. Roy. Irish Acad. vol. XXIV.), 1867. — Jaekel. ()., Die Organisation 
von Archegosaurua (Zeitschr. deutsch. geol. Ges. vol. XLVIII.), 1896. — Uel^er die Kori)erform und 
Haat bedeckung von Stegocephalen (Setzber. Ges. naturf. Freunde, Berlin), 1896. — Meyer^ U. r., Zur 
Fauna der Vorwelt, pt. 2. Frankfort, 1847. — Ueber den Archegosaurus (Palaeontogr. vols. I., VI. 
XV.), 1851, 1857, 1866. — Idem^ and Piienengery T., Beitrage zur Palaeontologie Wiirttembergs. 
Stuttgart, 1844. — Miall, L. C, Report on the Structure and Classification of the Labyriuthodonts 
(Rept Brit. Assoc. 42nd and 43rd Meet.), 1874-75. 
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in foiin, the more common vaneties being oval, rhomboid, oblong, fusiform, or 
rod-shaped (Fig. 193). 

The vertebral eolnmii usually remaina in ati embryonic condition, and 
recalls that of Ganoid fishes. The degree of persistence of the notochord is 
very variable, but only the most specialised genera have it completely 
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interrupted by ossification of the centra ; in the Branchtosauria it is com- 
pletely persistent. 

Ossification of the vertebral column is least complete among the Phyllo- 
„ ipmulyli (Fig. 194), where, in the absence of 

pleiirocentra, the neural arch itself extends down- 
ward and joins vrith a jiair of delicate hypocentrii 
(or intercentra) to enclose, the notocbord and to 
form transverse processes for support of the ribs. 
In the Lepo^ndijU (Fig. 195) the notochord ie 
persistent and encased in constricted bony 
cylinders, which are hourglass-shaped in longi< 
tudinal section. In some genera, however, the 
continuity of the chord is all but interrupted 
by ossification of the middle portion of the centra. 
The TemnospoiidyH (Fig. 196) have the ver- 
Fin. tm. tebrae composed of several distinct pieces. 

Rhuhitomont iiohai verifb™.- of Ossification begins with the neural arch, whose 
I, f!%'^\^^: ?)"KeH™i"BiTh ■ halves remain separate at first, but later coalesce 
t^!n "" "*"''"' "' ' neiitiiceii- jj^d are continued above into a stout and some- 

times distally thickened spinous process. The 
centra may be either rliackilomaus or embolomerous. Those of the rhachitomous 
type are formed by a horseshoe-shaped basal piece (hypocentrum or inter- 
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ctintruni, the tapering extremities of which are directed iipward), Htid a ])air 

of lateral pieces, or pleurocentm ; a structure which is paralletcfl in certain 

Ganoids (rf. Fig. 121). The hypocentrum usually 

ossifies in advance of the pleurocentra, and lies 

directly underneath the neural arch. Occasionally 

a email horizontal basal piece is inserted beneath 

the pleurocentra and between the hypocentra. 

This piece, according to von Meyer, appears to 

h« divided in the anterior caudala of Archegosaurus 

(Fig. 197). 

The rhachitomous type Af vertebrae passes 

over into the embolomerous when the pleuro- 
centra unite with the hypocentrum to form a 

complete bony ring, which coossifies with the 

neural arch above (Fig. 198). Or occasionally Fio. iw. 

the crescentic intercentrum develops into a com- , ninchiinmnua cbuiUI vcrtebmr ..f 

plete ring, and the pleurocentra unite with each 

other below and the neural arch above to form a second ring. Some generji 
(Cricotus) have rhachitomous dorsal, and embolomerous 
caudal vertebrae. 

The moat advanced stage of vertebral ossification 
occurs among the Labyrinthodonts, where the centra are 
solid bony discs, slightly amphicoelous ; sometimes they 
are pierced for the passage of the notochord (Fig. 199), 
or a channel is visible below the neural canal through 
which it extended {Stereosponilyli). 

There is usually but one cervical vertebra, the atlas, 
which is concave in front and facetted to receive the 

exoccipital condyles, but bears neither ribs nor anterior zygapophyaes. Most 

or all of the presacral or dorsal series bear ribs, which 

may be either single or double-headed. The single sacral 

vertebra is provided with a pair of stout transverse pro- 
cesses for the attachment of sacral ribs. Haemal arches 

(haemapophyses, " chevron bones") are borne by the caudal 

series, being joined to the centrum (pleurocentnim) or 

intercentrum. 

The cranium (Fig. 300) exhibits the depressed, broadly ' 

triangular form characteristic of amphibians, but is invested 

by bony plates which form a very different pattern from 

the usual amphibian type, while resembling in some 

respects those of Ganoids and Crocodiles. The cranial 

plates are usually ornamented externally with radiating 

sculpture, pittings, or punctae, and sensory canals are ., ^^ * 

often conspicuous. norinl vBrtebm* ot 

The cranial roof is pierced by several apertures, the [-^"""^ aii^aiti, Hmifj. 
largest of which are the orbits, and around them there is "' 
often a sclerotic ring. The anterior nares are placed close to the border of the 
snout, and separated from each other by a considerable interval. Another 
and smaller opening occurs at the median suture between the parietals, 
corresponding in position to the so-called parietal foramen of Lizards. 
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The thin, flat bonee conetituting the cranial roof are of dermal origin, as 

in the case of cartilnginous Ganoids. The brain cavity ia protected by the 

large, paired parietals, posterior to 

which are two pairs of supca- 

temporaU, the outermoBt being the 

larger and forming the hinder 

border of the auditory not«h. The 

inner or median pair of stipra- 

temi>orals are commonly liescribed 

as Bupraoccipitala (so), and the outer 

or lateral pair as " epiotica " (ep), 

although clearly of dermal origin. 

The plate anterior to the epiotic is 

I usually called the squamosal (sg), 

and in front of this lie the post- 

orbitals (por) and large, posterior 

cheek plate (si), which is also iden- 

*'"'■ '^- tified with the supra temporals. The 

r-ritwh! "ife^rl"!! * /j (itMr crH"efI'™^%rint7'nw| two last-named pairs, together with 

rnnM ; jv. Pn-tfrontai ; ]■«, TnnvM ; i-or, VcHiorWtai ; ''"^ so-cauea epioiics, are wauHng in 

r, Anterior iSj.Pn-wririrmuiuMJMUSii.Bpioik; SI. .So, all modem amphibians. Anterior 

'"'""' to the parietals and between the 

orbits is a pair of usually elongate narrow frontals, and anterior to these a 

pair of large nasals with openings for the external nares at their an tero- lateral 

angles. A pair of curved dentigerous premaxillae (pmx) terminate the snout 

in front. 

The frontals rarely enter into the bordei of the orbits. These openings 
are usually bounded behind by the post- 
orbital and postfrontal, the latter plate 
being invariably present ; mesially by 
the ]H>stfrontal and prefrontal ; and 
exteriorly by a long cheek plate called 
the jugal. Very often a narrow tri- 
angular hone, the lachrymal, ia inserted 
between the prefrontal and jugal, but 
is usually pushed forward in advance 
of the orbit. The postero- inferior 
cranial angle is formed by the quadrato- 
jugal, which sometimes develops a pro- 
cess on the under side for articulation 
with the lower jaw. In some of the 
larger Stegocephalians the distal end 

of this process ia separated ofl" from the '''"■ ^'' 

quadrato-jugal bv a suture, and forms ,ii^'."V?{«ft^'c'r^*d""i' p^TpJ^^ii"*- "^ 
a distinct quadrate bone. Joining the H^'pu,i„'{dt^,"S"oI;iT!'a: vjin^!^'''"'*' ''^'^" 
quadruto-jugal in front is the maxillary, 

a long, narrow, gently curved bone, which completes the outer border of 
the cranium as far as the premaxillae. 

Most Palaeozoic Stegocephalians had the baaiocciput cartilaginous, but in 
the Labyrintfaodonts and certain other forms the supra temporals are followed 
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by a pair of obliquely inclined bony exoccipitals, which bear the articular 
condyles. 

The under side of the cranium is remarkable for the large size of the 
palatal vacuities, and great development of the parasphenoid, which expands 
posteriorly into a broad, thin plate. It extends forwardly as a long, slender 
process, and unites with the relatively large-sized vomer, the latter element 
being paired in the earlier, unpaired in the later forms. The vomer usually 
joins the premaxillae anteriorly, and is bounded exteriorly by the maxillae, 
the internal nares, ajid front portion of the palatines. Its broad, flat surface 
is either edentulous or set with minute teeth, but occasionally one or two 
powerful tusks are present in front of the narial openings, and there is a series 
of smaller teeth bordering the anterior and lateral edges of the vomer. 

The posterior expansion of the parasphenoid unites with a trifid bone, the 
pterygoid. The short inner arm of the latter in fact often envelops the 
parasphenoid ; its long, forwardly directed process extends parallel with the 
palatine and maxilla, forming the outer border of the palatal vacuity ; and its 
short posterior branch unites with the quadra to- jugal and limits the temporal 
vacuity. The palatines lie between the vomer and anterior extremities of the 
pterygoid. They are bordered externally by the maxillae, as a rule, and 
anteriorly by narial openings. They frequently bear a series of small teeth. 

The lower jaw (Fig. 227) of all Stegocephalians extendi the full length of 
the skull, and in consequence the gape of the mouth is very wide, as in Anura, 
The mandibular ramus is composed of three pieces, of which the dentary forms 
the tooth-bearing anterior portion, and the angular the lower portion ; behind 
the dentary and ajj)ove the angular is the articular, which bears a deep trans- 
verse articular facette terminated behind by an elevated process. Superimposed 
on these three pieces on the inner side of the jaw is a membrane bone called 
the splenial (or opercular). Teeth occur in regular series, decreasing in size 
posteriorly ; and sometimes one or two greatly enlarged teeth occur at the 
symphysis. The union of the two rami in front was 
probably ligamentous in most cases. 

The teeth ^ of the smaller Palaeozoic Stegocephalians 
are smooth, slender, hollow, and conical (Fig. 202), and 
implanted either directly in the supporting bone, or 

attached by a cement -base. 
Very often the lower half or 
two-thirds of the crown is ex- 
ternally grooved or striated, in 
which case a radial infolding 
of the dentine extends for 
an equal height (l?ig. 203). with simple, smooth t.H*tii. a, 

Numerous fine dentine tubules '^" ^.Bnkrged(aft.rCre<inerX 

extend downward toward the periphery, and tangen- 

it;r;L'th.;:'fheS;d^dS: t'*"y *<>.'•»« *»"» ^f the radial prolongations of the 

pulp cavity. In the more complicated teeth, secondary 
and even tertiary branching of dentine tubules may occur, and at the same 
time undulating or tortuously folded layers of cement, such as covers the 
exterior of the tooth, may become intercalated between the bundles of dentine 

' * Credner, iJ., Zur Histologic der Faltenzahne palaeozoischer Stegocephalen (Abhandl. sachs. Ges. 
Wiss. voL XX.), 1893. . 
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Tooth of Areh$go$aurus, 
Urgf^ At Outer surfkce. 
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tubules. ThJB gives rise to the highly chavacteriBtic " liibyriiithoctont " 
structure, which reaches its extreme development among the larger and 
. geologically later St«go- 

' cephalians (Fig. 204). The 

internal structure becomes 
progressively less compli- 
cated toward the apex of 
the tooth, above the zone 
where radial infoldings of 
the walls leave otT, the 
dentine is traversed simply 
by straight tubules radiat- 
ing from the puip cavity. 
The insertion of the teeth 
may be of the acrodont or 
. pleurodont type, as already 
described, or they may be 
seated in shallow alveoli. 

Traces of branchial 
arches being conspicuous 
in the young of several 
Palaeozoic genera, the sup- 
position is natural that 
F,u. HM. respiration was by gills 

cpm-kvUub ill tiiuMi at UnuaAr>ma« mi mrnH. >/, (iia<!r Ow>M>). durine the earlv stages of 
,, p„ip ,»,», -. ,. i»..i.. „,!»„.. ^„ st»eg„,ph,,ii;„,. ' 

The Stegocephalian pectoral arch (Fig. 205) is of unique construction, 
differing from that of other amphibians in notable respects. The most 
characteristic, as well ^ j, 

as the largest and 
usually best preserved . _, 

bones, occupy an ex- 
ternal position on the 
thorax between the 
pectoral limbs. These 
bones are three in 
number, and as a rule 
prominently sculp- 
tured. The median 
element identified as 
the interclavicle (or 

entosternum) varies j^^ 

considerably in form 

and size amongst different genera. Most frequently it is rhombic, but 

sometimes transversely oval, and may terminate behind in a long median 

extension. 

Partly overlapping the forward portion of the interclavicle are the paired 
plates which correspond to the clavicles of other amphibians. Their posterior 
ends are slender and slightly curved upwards ; the anterior end is expanded 
into a triangular or oval plate, often sculptured, but sometimes smooth as if it 
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had been embedded id the integument. A flat, Bemicircular, or lunate plate, 
iDterpreted as the coracoid, is placed at a slight distance behind the clavicles, 
and there is also a narrow or rod-like piece with expanded distal extremities, 
corresponding to the scapula of other groups. [Gegenbaur, and following him 
G. Baur, interpret these bones differently, holding that the coracoid was in all 
probability eartilaginous, and identifying the bone commonly known by that 
name as the scapula, and the so-called scapula as the eleil/tram. The latter, as 
shown by Gegenbaur, was attached to the distal end of the clavicle.] 

The bones of the appendicular skeleton, so far as known, agree in focm, 
number, and arrangement with those of living Urodeles. The humerus is 
rarely furnished with articular condyles, its extremities remaining as a rule 
cartilaginous. Ulna and radius are always separate, simple, more or leas 
elongate, and without articular faces. The carpus is imperfectly known ; in 
many Palaeozoic genera it appiears to have been cartilaginous, in others partly 
ossified. The metacarpals and phalanges are slender and elongate. 

The pelvic arch (Fig. 206) is strongly developed, but seldom so well pre- 
served that the form and position of all the parts are clearly distinguishable. 
The ilium is short, 
stout, somewhat ex- 
panded at the 
extremities, and 
attached to the sacral 
ribs. Ischium and 
pubis sometimes 
unite to form a single ji 
large plate (ischio- 
pubis), or they may 
remain separate. The 
inner edges of the 
ischia form a sym- 
physis in the median 
line. The pubes, 
which are smaller, 
sometimesremaincar- 
tilaginous amongst 
Palaeozoic forms. fhj. siw. 

The himi-limb is Pe1v1carcliofMrule<l'<nHirniipl9a'>'n", Jieg. (>n«rFi9M). 

almost always more ' 

strongly developed than the fore-limb. The femur is a strong, elongate bone, 
without an ossified capitulum, but often with well-formed distal condyles. 
Tibia and fibula remain separate, and resemble the corresponding bones of 
the anterior limb. The tarsus is either cartilaginous or composed of two 
rows of small bones. The pes is provided with five digits, but is otherwise 
closely similar to the man us ; sometimes the second digit is the longest, in 
other cases the third. 

Habitat. — The mode of occurrence of Stegocephalians in the Coal Measures, 
Lower Permian, and Keuper, indicates that they were either fpeshwater 
inhabitants, or terrestrial forms. Some of the smdler genera appear Co have 
sequestered themselves in hollow tree-stumps, since in Nova Scotia, at leasl, 
their remains are commonly found in cavities of decayed Sigillaria and 



Lepidodendron trunke. The larger forUiB, some of which sttaioed gigantic 
size, were predatory, and probably aubaiBted on other amphibians, fishes, and 
crustacean a. 

Sab-Ordet A. PHTLLOBPONDTLI. Oiedner. (Branchiosaaria.) 

Nolochord persistent and encased in imperffd barrel'Shaped vertebrae formed by 
a pair of delimle hypocaUra and downward prolongfUions of the neural arch, 
Imt wUhoiU j^KTOcenlra. Ttelh simple, hollow. 

Family 1. Bmnohloeauridae. Fritecb. 

Lizard-like Stegvcepkalia wUh broad, obtusely rouiided Iteads. Bastoccipat 
rartUaginous, and also the carpus, tarsus, and pubis. Bibs short attd straight, with 
simple, thickened praeimal ends. Pubis not ossified. Ventral scales thin, small, 
pointed, and arranged in regular series. Carboniferoua and Permian, 

BranchiosauTus, Fritach {Prdritcm, Plewroneara, Gaudry), (Figs, 201, 203, 
209, 207, 206). Body 15-20 mm. long. Head about as broad as long, 
^. g truncate behind, with shallow 

auditory notch, and very large 
elliptical orbits. Sclerotic ring 
of about 30 small platea, and also 
a supplementary aeries of smaller 



nniMjHt.miii, Ci^lniT. Botlilin.'puilwi, r...-i". 



plates irregularly arranged. Cranial platea radially striated or punctate. 
Paraaphenoid greatly expanded behind, and uniting with trifid pterygoid. 
Vomer paired, the two pieces triangular ; palatines imperfectly known. Jaws 
with a single series each of slender, closely spaced conical teeth, 'Inter- 
clavicle sub-rectangular, externally furrowed. Ilium stout, hourglass-shaped; 
ischium delicate, triangular. » , 

The piitire ventral surface of the body, together with a portion of the tail and 
liiiiU', was protected by deeply overlapping cycloidal i-cales (Fig. 193) arranged in 
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several difitinct series. Those of the thoracic region form transverse rows; those of 
the pectoral region oblique rows converging posteriorly toward the median line ; 
those of the abdominal region oblique rows, converging at a lesser angle in the opposite 
direction ; and those of the under side of the tail and legs form slightly curved trans^ 
verse rowa Functional gill arches are indicated in many immature examples by the 
r^^ular series of minute denticles which were originally arranged on them. Tail 
known to have been about as long as tnmk with the head, but most of the caudals 
unossified. 

This genus and Archegosaurus furnish the commonest and best known examples 
of Palaeozoic Amphibians. Remains of Brarichiosaurus are abundant in the fine- 
grained limestone of the middle Rothliegendes, near Dresden, where the small bones 
are clearly outlined in white against a grayish-coloured matrix. Credner'a elaborate 
researches on the structure and development of this form were based on comparisons 
of over 1000 specimens. Several species occur also in the Lower Permian of Nurschan 
(Nyfan) and Kunova in Bohemia, and Oberhof and Friedrichsroda in Thuringia. 

Pelosaurus, Credner (Fig. 193, d), 18 to 20 cm. long. Skull relatively very 
large, with lachrymal in front of orbits, and n6 supplementary sclerotic plates. 
Lower Permian ; Niederhasslich, near Dresden. P. laticeps, Credner. 

Mdanerpdon, Fritsch (Figs. 200, 205, 6). 2*5 to 13 cm. long. Skull as, in 
Branchiasawrus^ but more produced posteriorly, and squamosal divided {sq and 
z), Interclavicle extended into a long posterior process. A distinct dermal 
armouring not present, but quantities of small calcareous shagreen -like 
particles sometimes observed instead. Branchial arches present in young 
examples. Lower Permian of Braunau, Bohemia; Lhotka, Moravia; and 
Niederhasslich, Saxony. 

Dawsonia, Fritsch. Jaw-bones, vomer, palatines, and parasphenoid 
armed with teeth. Lower Permian ; Bohemia. 

Amphibamus, Cope ; Pelion, Wyman. Coal Measures ; Linton, Ohio. 

Sab-Order B. LEP08P0NDYLL Zittel. (Microsauria,) 

Notochord persistent and enclosed in constricted bony cylinders^ hourglass-shaped 
in longitudinal section. Teeth simple^ conical, hollow. 

Family 1. Microeauridae. Dawson. 

Salamander or lizard-like, usually longicaudate Stegocephalia. Fore-limbs less 
robust than the hinder pair, carpus and tarsus ossified or cartUaginom. Bibs long 
and slender, curved, generally double-headed. Pvhis ossified. 
Ventral, and in rare cases also the dorsal surface covered with 
small, round, oblong, oval or oat -shaped scales. Carboniferous 
and Permian. 

Hyloplesion, Fritsch. Cranial Sones smooth, finely striated 
or punctate. Orbits large, with sclerotic ring. Tarsus ossified. 
According to Fritsch, both dorsal and ventral armatures were 
present, composed of overlapping oval scales with thickened 
posterior border. Lower Permian ; Niirschan, Bohemia, and ^. vertebra, and 

Vr. 1 i_ .. !• 1- CI B, R\h of Hylonomvs 

JNiederhasslicn, oaxony. i^fUi, Dawson, awi 

Hylonamus, Dawson (Fig. 209). Small and imperfectly ^^"jjc'o^ia'!''^*""' 
known, perhaps identical with the preceding. Coal Measures ; 
Nova Scotia. Other allied American genera are Amhlyodon^ Dawson ; 
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HyUrpeton, Owen ; and Brachydectes, Cope, all small and fragmentarily 
preserved. 

Seelsya, Fritsch. Larval, lisard-like forma under 3'5 cm. in length, with 
i-ounded snout. Teeth smooth, simple, hollow, preBent on all bones of the 
palate, those of the premaxillae much larger than the maxillary teeth. 
Parasphenoid a long slender bone ex- 
panding behind into a rectangular plate. 
Gill arches, and both dorsal and ventral 
armour present. Scales elongated oval, 
ornamented with undulating or dichotomis- 
ing lines. Very rare in Lower Permian 
of Nurschan, Bohemia. S. jmsUla, Fritsch. 
Bictwdim, Ortkoco^a, Microbrachis, Limner- 
jwfon, Fritsch. Lower Permian ; Ntirschan, 
Bohemia. 

Tudilanits, Cocytinus, Colosleus, Leplo- 
phracltts, PUuroptyz, Cope. Coal Measiires ; 
Linton, Ohio. 

Leplerpeton, Huxley (Fig. 310). Lizard- 
like, longicaudate, with narrow, elongated 
bead and tapering snout. Orbits midway 
the length of the skull ; carpus and tarsus 
cartilaginous. Hind-limb slightly stouter 
than the anterior. Ventral scales elongated 
rhombic. Coal Measures ; Kilkenny, 
Ireland. 

Keralerpetou, Huxley {Ceralei-petum, 

'Huxley). Salamander- like, with much 

elongated tail ; total length upwards of 

50 cm. ' Skull broad, rounded anteriorly, 

orbits far forward, and external bones 

sculptured. A pair of large, backwardly 

directed horns firmly attached to the 

poetero-lateral cranial angles. Very small 

ventral scutes, and no dorsal armour. 

Coal Measures; Kilkenny, Ireland, and 

Linton, Ohio. 

t'i...iio. A-iitfosaufus, Fritsch (Fig. 211). Skull 

'-'p<f^p'"»<'iiW«j^Huiiisy. Qiri>ohitrnjii»; smaller in proportion to the body than in 

Keralerpeluit, with more numerous pre- 

sacriil vertebrae, and distinct ossifi cations in carpus and tarsus. Lower 

Permian; Bohemia. S. crassiis, Fritsch. 

L'lvcordybis, Huxley and Wright {Oeslocr/ihalas, I'lyonias, Cope), (Fig. 212). 
Body and tail elongate, total length about 50 cm. Fore-limb slightly less 
developed than the hind, both pentadactyle. Skull depressed, triangular, 
[wsteriorly truncate. Orbits forwardly situated. Tail nearly twice as long 
as the trunk with the head. Caudal vertebrae nbout 80 in number, with 
long neural and haemal spines, expanded and crenulatcd distally. Ventral 
armour composed of upwards of 100 rows of scutes converging toward the 
median line, in form elongated oval, fusiform or oat-shaped. Coal Measures ; 
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Kilkenny, Ireland. Lower Permian ; Niirachau, Bohemia. U. scataris, 
Fritsch. 

AeafUhostomu, Credner (Fig. 213). Skull 25-35 cm. long, sharply para- 
bolic in outline, externally pitted. Orbits relatively small, rounded, placed 



Cm. a IS. 
OM Mmniirri : Kllknuiy, IreLaiii: 



in posterior half of the skull, and with sclerotic ring. All bones of the 
buccal cavity set with teeth. Ixiwer Permian ; Saxony. 

Family 2. Aiatopodidae. MialL (Ai>i"i-i.il,i.) 

Body serpeniiform, without eitlur limbs ur arclies for tlu-ir support, f'erti-ln-iu, 
ronsirided ampkkoelotK ei/Htflers. Tielh simple, aminil, liolhu: I'i'-s slemltr, 
miih one or two processes. Carboniferous and Permian. 
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Dolichosoma, Huxley () PbUgetkmtia, % Molgopkis, Cope), (Fig. 214). Skull 
relatively small, triangular, with tapering snout ; 
external bonea smooth, and median ones more 
or less fused. Fremaxillae very small. Over 
150 vertebrae, and total length upwards of 1 m. 
Neural spines atrophied. Ribs slender, the 
foremost ones angularly bent, later oues straight. 
Ka Dermal armature not observed. Coal Measures ; 

Kilkenny, Ireland. Lower Permian ; Bohemia. 
*■ Opkiderpeion, Huxlev (Fig. 

215). Skull imperfectly 
known, shorter and more 
obtuse than in Dolkkosoma. 
Ribs slender, resembling inter- 
muscular bones of fishes, with 
dorsal and ventral processes. 
Ventral scutes small, oat^ 
shaped ; dorsal ossicles sha- 
green-like. 0. hrownricigi, 
. Huxley, from the Irish Coal 
mui.,^ wi»i.™. Frtuch. ./,. p^u.»^Bo: Measures, 40-60 cm. long. 

Lower Peniilm; NUmhan, BohemU, heinliu ci, DotmI ; Y\Sfi Smaller SpCCieS knOWn 

*^'""'- ''■ r.ventr.ipra«». ^^^^ ^^^ Permian of Bohemia. 

Sub-Order C. TEMHOSFONSTLI. ZitteL 

VerUbrae composed of several pitees, vsmlly of Ike rhuchiiomous type, sometimes 
emhdomerouj. BastoeapUal region ■usually, mtd cai-pas and tarsus always ossified. 
Teeth v^h radially infolded walls. Carboniferous to Lower Trias. 

Archeffosaurus, v. Meyer (Figs. 196, 203, 216, 217). Total length up- 
wards of 1-5 m. Skull in the young obtusely triangular, scarcely longer 
than broad, but becoming greatly elongated in the adult, with broad, anteriorly 
rounded snout. External bonea radially sculptured, sensory canals feebly 
marked. Orbits situated in about the middle of the skull in the young, and 
in hinder portion in mature individuals; sclerotic ring of 20-23 plates. 
Anterior narea elongate. PostorbiUls triangular, supratemporala large, 
lachrymals long and narrow, basioccipital region not ossified, palatal vacuities 
large. Paraaphenoid and pterygoids toothless, vomer with one or two pairs 
of relatively large teeth, and maxillae, premaxillae, and palatines each with a 
single aeries of teeth. Dentine deeply and aimply folded in lower half of the 
crown. Denticles of branchial arches observed in young individuals. In the 
caudal region stout chevron bones are attached to the hypocentra, and inter- 
calated between these are two wedge-ahaped pieces (Fig. 197). 

The interclavicle is rhomboidal, about half as long as the skull, and radially 
sculptured. Clavicles triangular, with short posterior pedicle ; ooracoid and scapula 
ossified. Fore-limb less strongly developed than the hind, and with four digits. 
Ventral armouring of small, overlapping, transvereely elongated scales, keeled, and 
pointed at one end (Fig 193, E). 

In H., von Meyer's elaborate Monograpli, published m 1858, no less than 2il 
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eianiples from the Lower Permian of Lebach, near Saarbriicken, are deecribed, of 

which 102 are figured. The remains, lacking uaoally the tail, occur here in aiderite 
nodnleB. A. deehati, v. Meyer. 

SparagmUes, Fritsch ; Discosaurtis, Credner (Fig. 193, G). Lower Permian ; 
Saxony and Bohemia. 

(Jhelidosaarus, Fritsch, 
Like Archfgosauras, but 
with broader and shorter 
akull, and no lachrymals. 
Lower Permian ; Bohemia. 
C. vranyi, Fritsch. 

Acliiwdon, Gaudry (Fig. 
218). Basiocciput ossified. 
Vomers each with one large 



inEan ; \jtS)Bx\\, near HaarMuck«n. 
Pvi. Frenuiillii ; .Vi, Mullli; La, 
I Jiclirymil ; iV/, Pn-fronUl; /V, 



Burbnicken, Young Indlvidnsl wUb tncea of gill acclioa. Vi'(*f^ 

tooth and numerous rugosities. Vertebrae rhachitomous. Lower Permian 
of Autun, France, and Bhenish Prussia. 

Gavdrya, Coehleosauras, Fritsch. Lower Permian ; Nurschan, Bohemia. 
Euchirosaums, Gaudry. Permian ; France. 

ScUrocephalas, Goldfuss {Onchiodon, Gein. ; ireissui, Branco). Over 1 m. 
VOL. II K 



long. Skull tounded anteriorly, orbits in hinder third, anterior nares far 
forwards, external bones 
coarsely sculptured. Pala- 
tines with minute teeth, 
maxillae and premaxillae 
with a series of large, 
conical, vertically grooved 
teeth. Dentine deeply 
folded. Vertebrae rhachi- 
tomous. Coracoid ex- 
panded, with concave pos- 
terior border; scapula long, 
slender, tapering. Ventral 
scales oat^haped. Lower 
Permian ; Rhenish Prussia 
and Saxony. 

MelosauTus, Vhalco- 
saurus, v. Meyer ; Zygo- 
sanrus, Eichwald ; Platyops, 
Trautechold. Permian; 
Russia. 

Gendrerpelon, Owen. 
Fia.jis. Coal Measures; Nova 

Aditinlinfnmnli, Otudrj. IVmitan; Mnse iM»r AiilHn, Fmiii--. ScOtla and Bohemia. 

PilaUlupwtofakull, withlowerjBni. V> {oft^r GsuJrr). ... . , ,. „, 

* rntiifniimeJiis Zatra- 
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ehis, Dissorophm, Acheloma, Aniaodexii, Cope. Permian ; Texas and New 
Mexico. 

Eryopt, Cope (Khachiiomas, Eptcordylas, Parioxi/s, Cope), (Fig. 219). Largest 
of North American Stegocephalians. Skull 40-60 cm. long, and 30-46 cm. 
wide at occiput, elongated triangular, with somewhat tapering snout. Orbits 
round, relatively small, placed in hinder half of the skull. Anterior naree 
large, widely separated. Cranial bones rugose, Butures indistinct. Para- 
sphenoid very thick, dagger-shaped. On the palatine two large conical teeth. 
Maxilla and premaxilla with teeth of 
various sizes. Teeth sharply conical, on 
the top smooth, at the base ribbed. 
Vertebrae rhachitomous. Caudal vertebrae 
few in number, the posterior ones fused 
inU} a triangular piece, tapering acutely 
behind. Ribs strong, those of the sacrum 
very broad and short. Permian ; Texas 
and New Mexico. 

Cricotus, Cope. Total length, 3 m. 
General form elongate, with triangular 
skull and short, stout limbs. Snout 
narrow, orbits large, elongated oval, 
situated near the middle of the skull. 
External bones faintly sculptured, sensory '■ 

canals conspicuous, parietal foramen large. 
Teeth conical, of unequal size. Presacral 
vertebrae composed of horseshoe - shaped 
pleurocentra and hypocentra, the former 
alone supporting the neural arch. In the 

caudale the pleurocentra and hypocentra iJirrr.fjioiiai!rn„aiuit;i>*tu'j: Tnu: Tsbie 
form complete rings, and both elements b^'f^,'" wide * ViT«n"'o«''i 'i "'"" '"' 
take part in support of the neural arch, 

but the haemal arch is borne exclusively by hypocentra. Permian ; Texas 
and Illinois. C. heterocliius, Cope. 

Diploterlebrtm, Fritach (Fig. 198). Imperfectly known. Lower Permian ; 
Bohemia. Brackyops, Owen ; Gondwammurus, Lyddeker. Trias (Gundwana 
Beds) ; East India. 

Boiknceps, Huxley. Skull triangular, with very large parietals, and 
coarsely sculptured plates. Anterior nares far forwards. Teeth acutely 
conical, vertically grooved. Trias; Australia and South Africa. 



SnVOrder D. STEBE08PONDTLI. Zittel. 

VerttJyrae eompUldy ossiJUd, ^ighlly amphic«elous, somelimfs centrally pei/(»-ated 
for passage of Ike notochord. Basiueripilid rrghn ossified; senxory cmials foriniiig a 
lyra between the orbits and anterior wires. Teeth with (omptiraled infolding of the 
dentine. 

Family 1. Qastrolepidotidae. Ziitvl. 

Ventral armour coinisling of elongated bony scutes. Radial protonyations of palp 
eavily only moderately braneJied. Carboniferous and Permian. 
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AnlhrofMsauru!, Huxley. Skull broadly triangular, 36 cm. long, ext«mallf 
pitted. Orbits very small, situated in hinder 
third of the skull. Teeth externally furrowed, 
of nearly uniform size. Vomer toothless, 
palatines with a large tooth, and several of 
smaller size. Dermal scales externally con- 
vex, sharpened at the ends. Coal Measures ; 
Northumberland. A. russelli, Huxley. 

Loxomma, Huxley (Figs. 199, 221). Like 
the preceding, but orbits very large, irregu- 
larly oval, and teeth of unequal size. Coal 
Measures ; Northumberland and Bohemia. 

Eosaurus, Marsh. Known only by a few 
^°' ^"* detached amphicoelous vertebrae. Coal 

Crowftwtloii ot tooth of iDinniBia nl/mnni, ., ,, c 

Huxiry, ii»r Uia buK. Bniirceii. Coaj Measures; rJova IScotia. 
JI,™Ab™ k'*'"*''"'"**''*"'^ '"^' Embwion Mocromerim, Fritsch. Imperfectly known. 
Permian ; Bohemia. 

Family 2. Labjniiithodoiitida«. {EuglypUx, Miall.) 

Fenlral armouring and sderolk ring absent. Pectoral plates large, coarstly 
sculptured. InfoMings of Ike dentine completdy lahyrinlhodoni. A few exeessiwly 
developed teeth present on the palaliiies, and sometimes on the vomer and symphysis of 
lower jaw. Trias. 

Tremalosaurus, Braun (Fig. 222). Skull elongated triangular, about 35 
cm. long, with orbits near the middle. Teeth present on jaw-bones, palatines, 
and vomer, and inner border of jwaterior nares 
fringed with small denticles. A. pair of greatly 
enlarged teeth present on symphysis of lower 
jaw, and behind these a supplementary row of 
small teeth. Two large vomerine tusks in advance 
of the posterior nares, and three or four palatine 
ones behind the same. Interclavicle rhomboid, 
with posterior pedicle. Abundant in the Bunt- 
sandstein of Bernburg. T. brauni, Burra. 

Metopias, v. Meyer (Metoposaurus, Lydekker), 
(Fig. 22.^). Skull large, broadly triangular, with 
elliptical orbits in anterior half, and large narial 
openings Nasals shorter than frontals and 
parietals. Pectoral plates very large. Ribs very 
powerful, distaliy expanded. Dentition weak, 
teeth strongly fluted externally, especially at the fiu. i«. 

base, with but slight internal foldings. Teeth okiiiiorrrrniaia<a<>n»»nni<(,Biir- 
apparently arranged like those of Capitosaurus. lj^^,^^, sm^lut^''" ' ®°™'™''' 
Keuper; Wiirtemberg, 

CapitosauTus, Munst. (Figs. 224, 227). Skull with muzzle often broad 
and obtusely rounded. Orbits small, behind the middle of skull. Nasals 
of equal size with the frontals or larger. A small auditory notch adjacent 
to the ao^jalled upiotic. One or two powerful tusks present on vomer in 
front of the internal nares and on palatines behind the same. Between the 



ORDEB I STEOOCEPHALIA 133 

vomer and premaxillae is an aperture to give play to the two median tusks 
of the lower jaw. Keuper ; Wurtemberg, FranconJa, Silesia. 



Btfniburg. DorsU upect of 



Mrtfipiat dljifffutsticua, v. Hejer. 
UijMpettofBlitlsUUragment. K 
Hahiiweilsr, nemt HUttgut. >k 
E. Pnu). 



Cyclotosaurus, Fraas (Fig. 225). Similar to CapUosaurus, except that the 
auditory notch is closed behind by the union of the external supratempora 
with the proaquamosal. Keu])er : Wiirtemberg, 
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Maslodonsaarus, Jaeger (Figs, 204, 206, 226). Largest of all Labyrintho- 
donts, skull 125 m. long, depressed, and with large orbits behind tbe 
middle. External bonds sculptured, sensory canals prominent. Premaxillae 
pierced for the passage of the two greatly enlarged teeth at symphysis of 
lower jaw. Vomers with a pair of tueks in front of the posterior nares, and 
another near the hinder margin ; palatines with a 
single series of large teeth. Dentir 
complicated. Interclavicle rhomboi 
triangular, all strongly sculptured, 
large, pubis small, ilinin elongated, an 
with the sacral ribs. Limbs verj 
known, and dermal .armour not 
observed. The most perfect re- 
mains are from the Lettenkohle of 



laxnil gigil<llr«; Jiraer. A, 

n«e»: ;r. Oi^ninK. tor the 

s ot lower Jin; JVr, Pre- .,„, „^ P,„ „„ 

; jVa, Null; /.a, L«hr>nul; '"■■ "'■ ''"■ '^"■ 

Pfr, PrertonUl ; Fr, Kmtitnl ; rif. Poatfrunlal : Lovnr jaw of Capilo- Frotprlnta of Chtlrtllieriiim 
Pa, ParteUI; PIO, l-oitorbiUI: Si/, BnuniooHl ; jaurui nmutui, v. barllii, Kniip. niinUwidilnii ; 
SO, SupnWitiponI ; Kp. Epiotic: J, Jagtl; Q), Mefir. Triu Bern. llHiaberg. nar Hlldbergbiasrn. 
QusdretfrJugKl; ^:lO, Eiocdl'Ltal (*tter E. FraMt}. burg.; Vb ("Irr Owen). 

Gaildorf and Oedendorf in Wiirtemberg. Fragments occur also in the Upper 
Trias of England and India, and possibly also in the Buntsandstein of Alsace 
and the Black Forest. 

Liibyrinlhodun, Owen. Upper Trias ; England. Rhtjiidoiieus, Owen. 
Karoo Formation ; Orange Free State. Parhijgonia, Gonio^lifptus, Huxley. 
Trias; East India. 

Fovfprinls. — Stegocephalian footmarks are not uncommon in the Coal 
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Measures of Nova Scotia, Pennsylvania, Kansas, and elsewhere. They occur 
also in the Rothliegendes of Thuringia, Saxony, and Bohemia ; in the Karoo 
Formation of South Africa, and the Connecticut Valley Trias. More notable 
still are the Buntsandstein localities in Thuringia (Fig. 228) and Franconia, 
and those of the English and Franconian Keuper. The impressions always 
occur along stratification planes, and on removal of the superjacent layer the 
counterpart appears in relief, and is usually accompanied by a series of fossil 
mud-cracks. Most of these tracks are five-toed, although some occur in which 
the manus, which is invariably of smaller size than the pes, has but four digits. 



Order 2. GYMNOPHIONA. (Apoda, Oppel.) 

Vermiform amphibia covered with small scales^ arranged in transverse rings, 
and withovi limbs. Vertebrae amphicoelous, with persistent iwtochord. Cranium 
ossified ; maxillae and palatines with small, backwardly curved teeth. Bibs weakly 
developed, Pectwal and pelvic arches absent. 

The Coecilians constitute a small group restricted to the South American 
and Indo- African tropics, and are unknown in the fossil state. 



Order 3. URODELA.^ {Caudata ; Batrachia gradientia.) 

Elongate afnphibia with naked skin, usually with tvx) pairs of short limbs and 
perennial tail, with or without external gills. Cranium without supraocdpital, post- 
orUtals, and supratemporals. Vertebrae usually completely ossified. No parietal 
foramen. Bio-sacral connection a/xtahdar, 

Urodeles are distinguished from Stegocephalians chiefly by their naked 
body, solid vertebrae, extremely short ribs, and peculiarities in the conforma- 
tion of the skull and pectoral arch. The vertebrae may be either amphicoelous 
or opisthocoelous, are rarely pierced for the notochord, and have weakly 
developed spinous and transverse processes. 

The skull, which is broad, flattened, and anteriorly rounded, remains partly 
cartilaginous even in the adult, and both membrane and cartilage bones are 
among its components. The cranial roof is formed by the parietal, frontal, 
and prefrontal elements, adjoining which on either side are the large temporal 
fossae and orbits. The nasal capsule is sometimes covered by ossified nasals, 
and sometimes remains cartilaginous. The anterior and lateral margins of 
the skull are formed by the premaxillae and maxillae, but the latter are 
sometimes entirely wanting. In the basioccipital region only the exoccipitals 
are ossified, and the auditory capsule remains either cartilaginous or partially 
ossified, being covered by a thin, transversely elongated squamosal. Jugal 
and quadrato-jugal are absent, the quadrate is small, and only its articular 
extremity is ossified. Parasphenoid, vomers, and pterygoids are conspicuous 
on the under side of the skull, but the palatines are frequently atrophied. 

* Meyer, H, von, Zur Fauna der Vorwelt, pt. 2. Frankfort, 1845. — Salamandrinen aus der 
Braankohle, etc. (Palaeontogr. vol. VIL), 1860 ; also vol. II. p. 70, and vol. X. p. 292. — Strauch, 
A., Revision der Salamandridengattungen. St. Petersburg, 1870. — Wiedersfrnm, /?., Salamandrina 
perspicillata, Versuch einer vergleichenden Anatomie der Salamandrinen. Wurzburg, 1875. — Das 
KopCskelet der Urodelen. Leipzic, 1877. — Dollo, Z., Note sur le Batracien de Bemissart. (Bull. 
Mus. Roy. d'Hist. Nat. Belg. vol. III.), 1884. [Hylaeobatrarhus.] 
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Small, acutely conical pleurodont teeth (Fig. 229) are present in both jawB, 

^ and also on the 

vomer and pala- 

The ptdorai 
arch remains for 
the most part car- 
tilaginous. Only 
the ventral por- 
tion of the sca- 
pula, together 
with the proximal 
ends of the cora- 
coid and precora- 
coid unite to form 
acommon osseous 
plate. In the 
pelvic arch only 
the ilium and 
large ischia are 
regularly ossified, 
the pubis remain- 
ing, as a rule, car- 
tilaginous. The 
limba do not differ 
essentially from 
those of Stego- 
cepbalians, and 
the carpus and 
tarsus exhibit 
various degrees 
of ossification. 

■ Urodelea are 
fresh - water in- 
habitants, or live 
in damp shady 
ia B, rnrstai places on the 
cc'iniuT; Qu, land, subsisting 
', Vomer; tf, ^^ worms, gas- 
. tropods, small 
aquatic animals, and fish spawn. Fossil remains occur only in fresh-water 
deposits, and are always very rare. But one Mesozoic skeleton is known, and 
the few Tertiary genera are scarcely distinguishable from those now living. 




Kknlt of Cryp/itbrnmrhiu iajtonicHX, v. d. 
ssijecbi. C, I*wer Jb". Pva, Prem*il[l» 
Iruntal ; Fr, FronUI ; Fa, Vt.ma.1 ; OSyX, C 
Qiwdntf ; .Sv. Squunonl ; Ft, PUrrrKold : 



•Sph. Pan 



Snb-Order A. lOHTBYOIDEA. 

Vertebrae amphkodffas, viith persistent remnants of notoehord. Three pairs of 
perennial external gills, or in their absence a persistent hraiuhiai aperture. Eyes 
small, without distinct Ms. Aquatic kahitaf. 
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To this group probably belong the unique Bylaenbafrachus croyi, Dollo, 
from the Wealden of BemisBart, Belgium, 
earliest known Urodele ; and also the giant 
salamander from the Miocene of Oeningen, 
Baden {Avdriai schewehzeri, Tachudi, Fig. 230), 
originally deBcribed by Scheuchzcr as Homo 
diluvii testis. The latter genus attains a length 
of about 1 m., and difTera but slightly from 
the recent CrypU^anchvs, v.d. Hoeven (Megalc- 
batrachus, Techudi), of Japan. A somewhat 
smaller species (Amirias tschvdii, v. Meyer) 
occurs in the Miocene lignite of Rott, near 
Bonn. 

Sub-Order B. 8ALAMANDBINA. 

Vedeh-ae opistkocoetoiis, complelelif ossified. 
iVUhcvl gills or gill aperture; well-developed eye- 
lids always present. MayAUae present ; both jaws 
toothed. 

Several genera resembling recent newts and 
salamanders occur sparsely in the Upper Eocene 
(or Oligocene) of Quercy and Sansan in France ; 
Lower Miocene of Rott and Erpel, near Bonn ; 
and the Bohemian Tertiary. Among these may 
be mentioned Folysemia, Seliarchon, and Arch- Fio, sso. 

aeotriton, v. Meyer; Megalofriton, Zittel ; and .indriaiKJuBrfuaT*, XKbiiJi. 

possibly Mdge (Triltm) itself. Mio«„e; o^mngsn, a«ien. v» 

Order 4. ANURA. {beaiidala Bafrarhia silenlta^) 

\akei ladlesi amphtbta o/ compaet form and vitih usually procoelous 
vertebrae taudal terlebrae coaiesced into a slender elongate piece or cofci/x Pahs 
and isrhtum /■useii Carpus and larstis ossified and the fuo bones formtng the 
prorimal row of the latter greatUi donqated Development by melammphosis Ao 
gills tn the adult Jlw-saeral atlachmeiil extremely pre-aretabular 

The vertebril column consists m the adult of from ten to twelve usually 
procoelous vertebrae all of «hich with the exception of dtJas and coccyx bear 
stout transverse processes. Short ribs are present in the Dtscoglossutae, but 
are elsewhere wanting in this order. All the post-sacral vertebrae become 
fused during metamorphosis into a single caudal piece, or coccyx or uroetyle 
(Fig. 231). 

The skull (Fig. 232) is flattened, with very large orbits. Farietals and 
frontals are fused into an elongated pair of median elements, in front of 
which lie the ring-shaped sphenethmoid (or orbitosphenoid) and nasals. 

' .Vfi/fr. H. rnn. Zur Fauna cIct Vorwell, pt, 1. Frankfort, 1845.— Also articles in Pftlaeontogr. 
vol. II. p. 70 : vol. VII. p. 46 : and Neuei Jatirb. flir 1843, |ip. 395, G8D ; 1845. p. 79S : 1846, 
p. 331 ; 1847, p. 192 ; 1851, p. 78 ; 185% pp. 57, 465 ; 1853, p. 162 ; 1S58, p. 202 : and 1663, 
p. 187. — Wolterilarff, W,, Ueber foaaile fViiche iiiabeaouilrre Prvlaeohntmcliiia [with complete 
hibliogmphyl. (Jabresb. natiirw. Vereins Magilelnirg fUr 1885. '86), 1886-87. 




The btuioccipital region and auditory capaulee are ossified ; the paraapheiioid 
is inverted T-shaped; and the pterygoid, palatine, and jugal are well 
developed, the last -named joiniog the 
maxilla in front and quadra to- jugal behind. 
Small, bristle-like pleurodont teeth occur on 
the jaw-bones and vomer, or may be entirely 
wanting. 

The pectoral arch (Fig. 233) is remark- 
able for its large-sized scapular element, 
which is commonly divided and incom- 
pletely ossified, and joins with the coracoid 
and precoracoid. The sternum is also large 
^-^ -_, ^"" and more or less cartilaginous; of its three 

^w w? ossified portions, the anterior is called the 

II I omosternum ; the middle piece is the 

U I sternum proper ; and the posterior, which 

""'ij terminates in a semicircular cartilaginous 

I expansion, is the xiphisternum. Ulna and 

I radius are fused, the two rows of smalt 

I carpals are ossified, and the manus ia pro- 

Fiu. 231. vided with four digits. 

i' ^d Tra"' ^''^ three elements of the ptlvic arch are 
tfrtor ^ygipo- cooBsificd at the acetabulum on either side 
"™^"- to form a single piece, which joins its fellow 

in a median symphysis. Tibia and fibula are fused, the two bones forming 
the proximal row of the tarsus (astragalus and calcaneum) are much elongated, 
and the pes has five digits. 

Fossil Anwa are rare, the oldest clearly identifiable remains occurring in 
the Eocene of East India {Oxiiglossits pusUlns, Owen sp.) and Wyoming. A few 



VolitlUlMptCt. l/i. 
I : ir, Sacn] vsrtebiB 




Kriiiif >.mrleUl ; S;. »quiini<w 
eiigid^ t'o, Vainer; PI, FkIkIIi 



9. C, Prom brlou'. fmf, Prenisxlllii : Mi. 
lie) ; VoJ, Qimclraln-jiunil : *». Hjoid ; md. 
jtrygijltl : Elh, BlbmoUl (Orbiloapheniiu)); 



genera are known from the Upper Eocene, Oligocene, and Lower Miocene of 
Southern France, Northern Italy, and Germany, Kana and Palatobalraclivs 
being the commonest forms. Fhosphatised mummies both of BaTia and Bufo 
occur in the Eocene (or Oligocene) Phosphorites of Quercy. The Miocene 
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lignitee near Bonn yield not only numerous perfect skeletone, but iropreseions 




■ iiio- of tadpoles belonging to the genua Palaeo- 
batraehus, Tschudi, are plentiful {Figs. 
234, 235). 

Perfect akeletoas of large toads 
{Latonia seiifriedi, v. Meyer; PelophHm 
agamzi, Tschudi) are known from the 
Miocene freshwater marls of Oeningen, 
The equivalent deposits of Giinzburg, Sansan, and Sinigaglia likewise 
yield remains of tailless Batrachians. Pleistocene Amtra, like late Tertiary 
Urodeles, belong exclusively to recent genera. 

VERTICAL RANGE OF AMPHIBIANS. 
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Class 3. REPTILIA.^ 

Cold-blooded^ naked, scaly or armoured vertebrateSy with exclusively pulmonary 
respiration^ and terrestrial or aquatic in habit. Skeleton completely ossified ; embryo 
with amnion and allantois, development without metamorphosis. Skull with a single 
basiocdpital condyle. Two pairs of limbs usually present ; metapodal bones separate. 

In external appearance reptiles closely resemble amphibians, but are 
vastly more differentiated as a class, and are mostly of greater size. Their 
extremities exhibit great diversity in structure and function. Among the 
Pterosauria the anterior limb is transformed into a volant organ provided 
with a flexible wing membrane ; among Dinosaurs the appendicular skeleton 
attains a size and ponderosity unsurpassed by the largest land mammals ; in 
marine reptiles the limbs are paddle-shaped ; and in most Lacertilians, Thero- 
morphs, Crocodiles, and Dinosaurs the limbs are ambulatory ; while the only 
apodal forms occur among the Squamaia (snakes and certain lizards). 

The integument of reptiles is tougher than that of amphibians, and a more 
or less perfect exoskeleton is often developed in consequence of the ossifica- 
tion of the cutis and cornification of the epidermis. The former may give 
rise to bony scutes overlapping one another in a tectiform manner, or to 
larger bony plates with closely applied edges, arranged so as to form a more 
or less continuous shield, as in tortoises. 

The vertebral column is always ossified, although remnants of the notochord 
may persist in the centra. In all cases where both pairs of limbs are present, 
cervical, dorsal, sacral, and caudal regions are distinguishable, and the dorsal 
series may be often subdivided into thoracic and lumbar vertebrae. The 
vertebral centra exhibit all gradations between amphiplatyan, amphicoelous, 
procoelous, and opisthocoelous ; and the union between the centra and their 
neural arches may be cartilaginous, sutural, or by anchylosis. The neural 
spines are always ossified. Sometimes they are enormously produced, in 
other cases (Chelonia) laterally expanded and united with dermal plates. The 
anterior zygapophyses have facettes looking inward and upward which are 
overriden by the post-zygapophyses of the vertebra immediately in front ; and 
in the Squamata and Dinosauria the vertebrae are still further conjoined by a 
median process given off from the anterior {zygosphene) or posterior (hyposphene) 
end of the neural arch, and received into a notch of the arch next behind 
(zygantrum) or in front (hypantrum). The cervicals generally bear short 
tranverse processes (diapophyses) attached to the sides of the centra, but in 
the dorsal series these processes are given off from the neural arches. The 
haemapophyses or " chevron bones " of the caudal series sometimes form true 

* Literature: 

Baur^ O.y On the phylogenetic arrangement of the Sauropsida (Joum. Morphol. vol. I. Na 1), 
1887. — Bemerkungen iiber die Osteologie der Schlafengegend der hoheren Wirbelthiere (Anat. 
Anz. vol. X. p. 315), 1894. — Copef E, A, Synopsis of the extinct Batrachia, Reptilia and Aves 
of North America (Trans. Amer. Phil. Soc. vol. XtV.), 1869. — On the homologies of the posterior 
cranial arches in the Reptilia {ibUl. vol. XVII.), 1892. — Fiirbrinffer^ M,^ Zur vergleichenden 
Anatomie de.s Bnistschulterapparats and der Schultermuskeln. IV. Theil. (Zeitschr. fiir Naturwis- 
sensch. vol. XXXIV.), 1900. — Hoffmann^ C. /T., Die Reptilieu, in Bronn's Classen und Ordnungen 
des Thieneiclis, vol. VI. ])t. 3, 1879-89. — Lydekker, R., Catalogue of the fossil Reptilia and 
Amphibia in the British Museum, vols. I.-IV. London, 1888-90. — Mfijer^ U. von, Zur Fauna, der 
Vorwelt. Pt. I.-IV. Frankfort, 1845-60.— Owrn, R., Report on British fossil Reptilia (Rept, 
Brit. Assoc. Adv. Sci. 9th Meet. p. 43), 1839. Also ibid. 11th Meet. p. 60, 1841.— A History of 
British fossil Reptiles [Reprint]. I»ndon, 1849-84. 
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haemal arches, or their halves may unite in a single piece. Among existing 
reptiles there are never more than two sacral vertebrae, but the sacrum of 
Dinosaurs sometimes comprises as many as ten, and that of Pterosaurs from 
three to six. When more than three are present, however, they are usually 
coossified into a single piece (synsacrum). Only among Ophidians, Pythono- 
morphs, and Ichthyosaurs is there no differentiated sacral region. Small 
cuneiform intercentra {hypocentra) may be inserted between the cervicals, 
caudals, and a portion or all of the dorsals. 

All the vertebrae with the exception of the posterior caudals may bear 
ribs. Cervical ribs are as a rule short, and have the distal end expanded in 
hatchet-shaped fashion. When a sternum is present, the ribs with which it 
is connected facilitate the distinction between cervical and dorsal regions. 
The posterior dorsal ribs have free extremities, and lumbar vertebrae are 
always non-costiferous. Cervical ribs are usually double-headed, and the 
centra exhibit two facettes for their attachment. Dorsal ribs may be either 
single or double-headed, and in Chelonians are remarkable for their union 
with the broad costal plates of the carapace. Many of the Beptilia develop 
so-called abdominal ribs, which are ossifications of the connective tissue, and 
correspond to the ventral scales of Stegocephalians. 

The sktdl agrees more nearly with that of birds than amphibians in its 
general features, and the ossification of the primordial cranium is much more 
complete than in the latter group. The investing membrane bones are so 
intimately united with true cartilage bones that a distinction is often 
impossible. The basioceiput articulates with the atlas by means of a single, 
sometimes tripartite condyle, formed either by the basioccipital alone, or by 
this bone in conjunction with the exoccipitals. Both the basioccipital and 
supraoccipital may be excluded from the borders of the foramen magnum. Of 
the bones forming the auditory capsule, the prootic (petrosal) is situated in 
front of the lateral parts of the occipital region ; it occurs as a separate bone, 
and its front margin is pierced for the third branch of the trigeminus nerve. 
The opisthotic is often fused with the exoccipital, and the epiotic with the 
supraoccipital. Besides the usual auditory opening, or fenestra ovalis, there is 
commonly a fenestra rotunda ; the position of the former is either between the 
exoccipitals, or between the opisthotic and prootic. At the base of the skull 
immediately in front of the basioccipital occurs the basisphenoid, a true carti- 
lage bone, in place of a parasphenoid ; and this is continued in front by the 
presphenoid. 

Alisphenoids and orbitosphenoids are as a rule wanting, or are replaced 
by downwardly directed processes of the parietals and frontals. The last- 
named bones are usually of large size, and may be either paired or unpaired. 
Applied to the parietals on either side is a large squamosal, which takes part 
in the posterior cranial border and that of the supratemporal vacuity. The 
lower end of the squamosal usually abuts against the quadrate, which is 
always strongly developed, and bears a condyle for articulation with the lower 
jaw. Sometimes the squamosal is divided, the upper portion being identified 
as the prosquamosal or supratemporal. In Sphenodon the two components 
later become coalesced. 

Among the Squamata the quadrate is movably articulated with the squa- 
mosal, being united by ligaments only (Streptostylica) ; but among other 
reptiles it is rigidly attached to the skull by sutures {Moniinostylica), The 
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quadrato-juga), when present, lies above and anterior to the quadrate, 
connecting it with the jugal. The latter joins the hinder end of the maxilla, 
and forms with it the inferior border of the orbit. The bony arcade 
separating the orbits and temporal fossae is formed by either the postorbital 
alone, or by that bone in connection with the postfrontal and jugal. The 
prefrontals are usually well developed, and adjoin the frontals on either side ; 
sometimes they exclude the latter from the superior border of the orbit, and 
assist the lachryraals in forming its anterior border. The nasal capsule is 
roofed by the prefrontals and nasals, and bounded anteriorly by the paired or 
unpaired premaxillae. The latter, together with the masillae, complete the 
front rim of the upper jaw. 

The chief modifications of the skull amongst different orders consist in the 
rearrangement of the bones of the postero-lateral regions into separate bars 
or arcades, accompanied by the formation of temporal vacuities (Fig. 236). 



■LIII3, uiu B Bird, xbDwIng imdiUcatioiii 
ThprnnoTidi or wnraplrryglui, |iwliii: 

jllneil lAcertlKln.' >', li'IHimliMd B'Ird. /r,' PTDntil ; J. JuRiit ; 1.' lateral Umponl ruuity; In, L«hr]rl 

iiml: vu. UiilIU: n. NarUl aimiliiK: »', Nawil ; o. I)rbil; in, PHriHtal; pmir, I'nniKinii ; ,>r/. PrernwUI : 
iilf. rmtrroiiul : piu, raalurbmil ; t|J, (juiKlraUhJiiiinl : 'in. ((luulnit' ; r, Huimteninoral vacuity : "i, Sqiumsatl. 
IViiiliHK nlwlol uilh veilii-al linen, oirUUge hoiio iluttrd (fruni A. H. WDulwiinl). 

Among Tlieroinorpka, Sauropterygia, Ckelmia, and Jchthyosauria, a supratemporal 
vacuity is produced by the squamosal being thrust outward to form with the 
quadrato- jugal and jugal a broad arch along the cheek. A further stage is 
exhibited by the Rhynchoccpfaalians, Dinosaurs, Crocodiles, and Pterosaurs, 
where the arrangement of the squamosal is the same, but the broad arch of the 
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cheek plates is pierced by a lateral temporal vacuity, leaving a narrow bar 
above and another narrow bar below. Among Lacertilians this lower bar 
becomes lost, and finally among Snakes both bars disappear, leaving but one 
extensive vacuity. For those orders of reptiles distinguished by having two 
temporal arches, namely, the Rhynchocephalians, Crocodilians, Dinosaurs, and 
Pterosaurs, Cope has proposed the term Archosauria. This group properly 
includes also the Sqvamata, in which one or both arches have become obsolete. 

On the under side of the skull the pterygoid forms the connection 
between quadrate, basisphenoid, and palatines. It varies considerably in size 
and shape amongst the different orders, according as the quadrate and maxillo- 
palatine apparatus are movably or rigidly united with the wall of the skull. 
In many forms a transverse bone (ectopterygoid) is developed between the 
pterygoid and maxilla, and a slender column-like bone called the columella or 
epipterygoid, extends between the parietal and pterygoid (Fig. 253). Some- 
times a flat expansion of the maxillae joins with the palatines, and enters 
with these bones, the vomers, premaxillae, and pterygoids into the formation 
of a secondary bony palate. The lower jaw is composed, as in Amphibians, 
of a dentary, splenial, coronoid, angular, and surangular formed from mem- 
brane ossifications, and an articular formed from Meckel's cartilage. Crocodiles 
have the lower jaw as well as many of the cranial bones hollow and pneu- 
matic. 

Teeth are wanting only among Chelonians and isolated representatives of 
other groups. As a rule they occur extensively on the jaw bones, and in 
some cases also in the palatines, pterygoids, and vomers. The greater number 
are single -rooted, those with divided roots being very exceptional. The 
crown consists chiefly of dentine, covered with a layer of enamel ; cement 
enters but slightly into its composition, and vasodentine is entirely wanting. 
The form is usually sharply conical, either erect or recurved, but there are 
many other varieties, such as depressed, hemispherical, or even pavement-like ; 
some have bevelled edges, or are chisel- or spade-shaped, and a few are multi- 
cuspidate. Pleodont teeth have solid crowns, as contrasted with coelodont, 
which grow from persistent pulps. Thecodont or socketed teeth are inserted in 
alveoli, acrodont fused with the supporting bone along the outer rim or top, 
and pleurodont teeth are developed laterally along the flange-like inner rim of 
the jaw. 

With the exception of Snakes and certain Lacertilians, two pairs of limbs 
are always present. In the pectoral arch the principal bones are the coracoid 
and scapula, the former usually exceeding the latter in size, and forming 
either alone or in connection with the scapula the glenoid cavity for the 
humerus. Clavicular and interclavicular elements may or may not be present, 
and the same is true of the precoracoid, which occurs usually as an anteriorly 
directed process of the coracoid. The scapulae are normally directed upward 
and backward, and are well separated by the clavicular arch •when present. 
The interclavicle (or episternum), may be rhomboidal, cruciform, or T-shaped, 
and differs from the adjacent bones in being of membranous origin. Posterior 
to the interclavicle is usually a flat, rhomboidal, or aspidate sternum, to which 
the anterior dorsal ribs are attached by means of intermediate pieces. Very 
frequently the sternum is wanting ; when present its antero-lateral margin is 
always applied against the coracoid, and when absent the coracoids unite in a 
median symphysis or are joined together by ligaments. 
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The appendicular skeleton is constituted essentially as in Amphibians. 
In the fore-limb the humerus of some fossil forms is pierced at its distal end 
by one or two foramina, as in certain mammals ; but among living reptiles 
this character appears only in Sphenodon, The ulna sometimes exceeds the 
radius in length, and is sometimes provided proximally with an olecranon process. 
The carpus consists always of two rows of bones, of which the proximal contains 
two or three, and the distal from three to six elements ; occasionally these 
rows are separated by one or two centralia. The bones of the manus undergo 
excessive modifications correlating with their function. There are commonly 
from two to five digits, and among Ichthyosaurs even more than five. The 
third and fourth digitus usually possess a larger number of phalanges than the 
rest. The most generalised type of manus and pes is found among 
Chelonians. 

Numerous modifications occur also in the pelvic region and posterior limb. 
A sacrum, consisting normally of two vertebrae, is present in all reptiles with 
the exception of Snakes, Ichthyosaurs, and Pythonomorphs. Among Snakes 
the pelvis is either entirely wanting, or represented by vestigial ischia ; and 
rudimentary ilia are present among apodal Lizards. All other reptiles have a 
pelvis composed of the three usual elements, and as a rule they all take part 
in the formation of the acetabulum. The ilium is often much extended 
antero-posteriorly. The ischia are generally larger than the pubes, and both 
pairs converge ventrally in front, and join in median symphyses. A decided 
bird-like aspect is observed in the pelvis of Dinosaurs, owing to the downward 
and backward extension of the greatly elongated ischium, and the anterior 
prolongation of the dorsal part of the ilium. The hind limb closely resembles 
the fore in most cases. One or two trochanters may occur on the proximal 
portion of the femur, and there are generally two rows of tarsals. The 
Sauropsida (Reptiles and Birds) differ from mammals in having the ankle-joint 
between the two rows of tarsals, and never between the tibia and proximal 
tarsals. Various modifications of the hind limb occur, which are noted in the 
discussion of the different groups. 

Habitat. — Their respiration being exclusively pulmonary, reptiles are 
adapted to a terrestrial or amphibian existence. Even the small number of 
marine Chelonians and Lacertilians visit the shores periodically for the pur- 
pose of depositing their eggs. Among extinct forms, Ichthyosaurs, Sauro- 
pterygians, and Pythonomorphs were truly marine, and provided with paddle- 
shaped extremities. The majority of fossil reptiles, however, were land forms ; 
some appear to have been arboreal, and the Pterosaurs, as their name implies, 
were volant, or at least capable of gliding through the air. There is reason to 
suppose that Dinosaurs were viviparous, as is known to be true of Ichthyo- 
saurs, and some of the former were of bipedal gait. 

Over 3500 recent species of reptiles have been described, a number greatly 
exceeding the known fossil forms. The latter, however, exhibit far greater 
diversity in structure thian living species, and hence a knowledge of their 
organisation is indispensable for an understanding of the class. The earliest 
undoubted reptilian remains (Proterosauria) are of Lower Permian age, and 
although not plentiful here, numerous forms are known from the Upper Per- 
mian of Europe, North America, and South Africa. The culmination of the 
class occurred during the Jura-Trias, after which Reptiles steadily declined. 

Taxonomy. — The separation between Reptiles and Amphibians was first 
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eflfected by Blainville in 1816, and approved by Merrera in 1820, but a satis- 
factory classification was impossible until after the researches of Owen, 
Huxley, von Meyer, Marsh, Cope, Osborn, Baur, and others had vastly 
increased our knowledge of fossil forms. Universal agreement does not by 
any means obtain regarding the limitations of the different groups, but most 
modern authorities are in favour of recognising nine independent orders, as 
follows : — Bhynchocephalia, Squamaia, Ichthyosamia^ Sauropterygia, Theromorpha, 
Chdonia, Crocodilia, Dinosauria, and Pferosauria. Of these the Permian 
Rhynchocephalians include the earliest and most primitive forms, and may 
be regarded in a broad sense as ancestral to all Archosauria (or reptiles with 
two temporal arches), as well as Aves. 



Order 1. RHYNCHOCBPHALIA.1 

Lacertiform reptiles with amphicoelous vertebrae^ somdimes pierced for the noto- 
chord. Upper and lower temporal arcades well defined. Quadrate fixed, and 
buttressed by the pterygoids, which extend forward to the tamer ; premaxillas paired. 
Mandibular symphysis usually ligamentous; teeth acrodant. Sternum present; 
sa/yrum composed of two, or in the Pelycosauria of three vertebrae. Limbs ambu- 
latory, peniadactyle. Dermal armour of corneous scales. 

The existing genus SpJienodon (Ilatteria) of New Zealand is the sole 
survivor of an ancient Jind primitive order of reptiles which attained its 
maximum specialisation in the Trias, and whose earliest representatives 
(Proterosauria) resemble the Microsaurian Stegocephalia in noteworthy respects. 
This primitive Permian group also occupies the cleft between Squamata, 
Crocodiiia, and Dinosauria, and is in all probability ancestral to birds through 
a primitive Dinosaur-avian stem. 

The body in Rhynchocephalians is lizard-like, long-tailed, sometimes scaly ; 
the vertebral centra are amphicoelous or amphiplatyan, with persistent noto- 
chord, and often with small intercentra (hypocentra). The neural arches are 
well ossified, and zygapophyses and diapophyses usually conspicuous. With 
the exception of the anterior cervicals and posterior caudals, all the vertebrae 
bear strong single-headed ribs. Several or numerous longitudinal series of 
abdominal ribs occur between the limb girdles, and correspond to the ventral 
armouring of Stegocephalians. 

The skull (Fig. 237) is remarkable for the large size of the orbits and 
temporal vacuities. There are always two temporal arcades, the upper one 

* Literature : 

J5a«r» O.y Palaeohatteria and the Proganosauria (Amer. Joum. Sci. [3], vol. XXX VII. p. 310), 
1889. — BoutengeTf O. A.^ On British remains of Homaeosaunis, with remarks on the classiflcatiou 
of the Rhynchocephalia (Proc. Zool. Qpc. p. 167), 1891. — OredntTy H.y Ueber I^alaeohatteria \\m\ 
Kadaliosaurus (Zeitschr. deutsch. geol. Ges. vol. XL. p. 488), 1888. — Dollo, L., Premiere note sur 
le Simaedosaurus d'Erquellinues (Bull. Mus. Roy. d'Hist. Nat. Belg. vol. III.), 1884. — Sur 
ridentit^ des genres Champsosaurus et Simaedosaurus (Bull. Soo. Belg. Geol. vol. V. p. 151), 1891. 
— Giinther, A.^ Contribution of the anatomy of Hatteria (Phil. Trans, vol. CLVIL), 1867. — Huo-ley^ 
T. Jy., On Hyperodapedon, etc. (Quar. Journ. Geol. Soc. vols. XV. p. 435 ; XXV. p. 138 ; XLIII. 
p. 676), 1869-87. — Lortei^ L., Les reptiliens fossiles du bassin du Rh6ne (Arch. Mus. d'Hist. Nat. 
Lyon, vol. V.), IS92.— Meyer, II. tv>«, Zur Fauna der Vorwelt (vols. III., IV.), \S57 -60.— Seehy, 
H. O., On Proterosaunis (Phil. Trans, vol. CLXXVIII. p. 187). l^Sl .—Subenn>ck, F., Zur 
Osteologie des Hatteria- Kopfes (Sitzl^er. Akad. Wiss, Wien, vol. CII. pt. 1), 1893. — Warjnery A.^ 
Sanrier aus dera lithographischen Schiefer (Abhandl. Bayer. Akatl. Wiss. vols. VI., VII., IX.), 
1852-61. 

VOL. II L 
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being formed by the postorbital and squamosal, and the lower arcade by 
the quadratojugAl and jugal. The Utter bone is always fixed, and 
buttressed by the pterygoids, which extend forwards to the vomer. The brain 

cavity is of email 
size, and roofed by 
the narrow parietals, 
between which and 
the pterygoids is a 
verticalcolumella 
(epi pterygoid). A 
parietal foramen is 
generally present. 
The paired external 
nares are almost 
terminal in position. 
Vomer, palatines,and 
pterygoids together 
form an extensive 
bony palate. Acro- 
dont teeth occur in 
regular aeries on the 
narrow premaxillae, 
maxillae, and man- 
dibles, and in some 
cases the vomer and 
palatines are also 
dentigerous. Occa- 
Kin. 237. "^^ sionally the teeth arc 

SpAinnbm imncfiilHi. Gn.v. Rflcrnt ; New Z.'Uliind. Lalrral, pnUital. inserted in shallow 
pmWrtoi, and superior ta-attu of nliiiIL Vi- M, llriiil; n«ff. Angiitar; nrl. alvpnli nnrf vprv 

r, FrraiUl; >, Jiig«l;l-,SHran(iul«t: •", HbiIIIi ; W, ExtemnlOBriiil owning; rarelv are absent 
lu. NaBal: mo^ CipiHtlioUr ; ijo. t^rietAl ; jJ, I^Utin?; pmx, Pmniill1&; nor, . " , 

FoiMrMUli iir/, Fnfrwbil : pi. Ptnyitoi«: P'/. Fo-tfronlAl i 'ru, QuKlTatei altogether. 

^;„Sl^uXy!^'«.f' *"=""•""""" ''"""'"■■ ■" B"i™«'ir"»'- -■ The peet<»-al arch 

is incompletely 
ossified. The scapula is represented by an elongated rectangular bone, 
and the inner border of the small elliptical coracoids remains cartilaginous. 
The clavicle is a slender bent rod connecting the scapula with a large 
rhomboidal or T-shaped interclavlcle, which overlies the cartilaginous 
sternum. The distal end of the humerus is pierced in the fossil forms by 
an entepicondylar foramen, but in Spkenodon both entepicondylar and 
ectepicondylar foramina or grooves occur. In general the articular surfaces 
of the humerus, radius, and ulna are not completely ossified. Five diBtinct 
elements occur in the distal row of the carpus, and two centralia are often 
present. The extremities are pen tad acty late. 

The pelvic arch consists of a small, nearly vertical ilium, a discoidal pubis 
with obturator notch, and a somewhat expanded ischium, which remains 
separated from the pubis. Both pubis and ischium are imperfectly ossified 
among the earlier forms. The hinder is somewhat longer than the fore-limb, 
and resembles that of Lacertilinns and Theroraorphs. 
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Sab-Order 1. FBOTEBOSAUBIA. Boeley. (Proganosamia, Buur.) 
Abdominal ribs small, arranged in several longitudinal series. Pubis and ischium 
imperfectly fused. Fifth metatarsal not dissimihr from (he rest. Marginal teeth in 
II single uniform series. 

The sub-order is of interest as comprising some of the most primitive and 
most ancient reptiles known to science. They are regarded by many authors 
as ancestral not only to the Sphenodon group, but to all ArdiosanTia, or reptiles 
with two cranial arches. There is much reason to suppose that from these 
forms aiso a Dinosaur-avian stem was evolved in the Permian, from which 
birds have come down to us. 

Family I. Proterosaurldae. 

Maxillae, premaxUlae, and mandibles wiih a series of large conical teeth, either 
acrodont or implanted in shallow alveoli, and smaller teeth present on the palatines 
and vomer. Inierdaticle eUmgale, with a rfiombir, expansion at its anterior end. 
Permian and* Trias. 

Palaeohatieria, Credner (Fig. 238). Body lizard-like, about 25 cm. long. 
Vertebral centra in the form of delicate constricted amphicoeloue cylinders. 







Fn. JU|^I: IB. Ldcll 
i*iwloib(Ul 

ilticH 



nmi, PwiniKilln ; i-r, PoaloibtUl : prf, Pmfnaiul ; jw, 

/ pliL-rd); I. Z)>ip»|ili villi, (lihit overlilr] b>- dlBjiLiicnl 
^"^ - twiHl bimnnifllii'rinhlniap),{Kfl»TCrediH'r). 

with persistent notochord ; small intercentra occur between all in advance of 
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about the sixth caudal, and single-headed ribs borne by all the vertebrae as 
far as the seventh caudal. Abdominal ribs represented by numerous small 
oat-shaped scutes. Premaxillae small, with three or four recurved teeth. 
Inferior border of orbit formed by jugal alone. Digits clawed. Habits 
probably aquatic, as indicated by the comparatively unossified extremities of 
limb bones. Lower Permian (Rothliegendes) ; Niederhasslich, near Bonn. 

KadaliosauruSy Credner. A land form accompanying the preceding ; limb 
bones completely ossified proximally and distally, with spongy interior. 
Extremities much longer than in Palaeoliatteria ; humerus and femur of equal 
length, but metacarpals shorter than metatarsals. 

ProterosauruSy v. Meyer. Attaining a length of 1*5 m. Vertebral centra 
completely ossified, and united with their neural arches by suture. Inter- 
centra occur only between the cervical vertebrae, which are elongate, and bear 
slender ribs. Skull tapering anteriorly, its structure not clearly shown. 
Hind limb considerably longer than the fore, and distal tarsals less than five 
in number. Upper Permian (Kupferschiefer) of Thuringia and Hesse, and 
Magnesian Limestone of Durham, England. P. speiieri, v. Meyer ; P. lincki, 
Seeley. 

AphelosauruSf Gervais ; HaptoduSy Gaudry. Lower Permian ; Autun and 
Lod^ve, France. Telerpeton, Mantell. Supposed Trias of Elgin, Scotland. 

Sub-Order 2. PELTOOSAXJEIA. Cope.^ 

Anterior teeth enlargedy incisor- and canine -like, the remainder conical and 
molariform ; none of the teeth with lateral cnsps, hit sometimes serrated. Neural 
spines enorm^uslp developed in some genera. Sacrum of three vertebrae. Limbs 
very short and strong. 

Family 1. Olepsydropidae. Cope. 

Skull long and narrow, truncated posteriorly. External nares separated, terminal, 
opening diredly into the mouth. Orbits large, round, placed behind the middle of the 
skull ; mpratemporal vacuity small. Quadrate small, nearly enclosed by surrounding 
hones. Anterior incisors and canines of upper jaw much larger than other teeth. 
Numerous small conical teeth present on palatines, pterygoids, and vomer. Proximal 
tarsals two in number. Permian. 

Clepsydrops, Cope. Neural spines of the lumbar and sacral regions greatly 
elevated. Intercentra present between the dorsal and caudal vertebrae ; 
anterior ribs double-headed, posterior single-headed. Teeth large, with sharp 
cutting edges. Permian ; Texas, Illinois, and Kansas. 

Dimetrodon, Cope. Larger than the preceding, skull upwards of 0*5 m. 
long, and with similar dentition. Intercentra present between the dorsals ; 
all the ribs double-headed from the axis on. Neural spines rising from the 
axis until in the dorsal region they are many times longer than the diameters 
of the centra. Permian ; Texas. 

^ Literature : 

Baur, (J., and Case, E. C, On the morphology of tlie skull of the Pelycosauria and the origin of 
the Mammals (Anat. Anz. vol. XIII. p. 109), 1897. — The history of the Pelycosauria, with a 
tlescription of the genus Dimetrodon (Trans. Ajner. Phil. Soc. vol. XX. pt. 1)» 1899. — Cfawc, E. C, 
The Vertebrates from the Permian Bouebed of Illinois (Joum. Geol. vol. VIII. p. 698), 1900. 
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Naouunu, Cope (Fig. 239). Differs from the last in that the neural 
spines bear transverse processes. Per- 
mian ; Texas and Bohemia. 

Eiabolcphorus, TheropUura, Archaeo- 
bdtts, Lysorophus, Co]>e. Permian ; 
Texas. Slereorachis, Gaudry ; VaUi- 
brachioa, Boule and Glengeaud. Per- 
mian ; Autun, France. Known by im- 
perfect remains apparently allied to 
Dinulrodon. 

Snb-Ordar 3. 
BHTITOHOCEPHALIA VERA. 

Abdominal ribs reduced to three relatively 
large longitudinal series ; pubis and ischivni 
well ossified; fifth melalarsal very much 
shortened, awl somewhat expanded. Mar- 
ginal teeth in one or more uniform serUs. 



Family 1. Bbynoboeauridae. 

Skull short and broad, with a beak-like 

Flo. 1*1. rostrum formed by the downwardly curved, 

Jf!^"^'"",''"", f""*™'- H"*!')'- i-'Piw' Tri.-: slender, toothless premaxUlae. Mandibles 

BIjrin. ecHlUind. J, Stiperior iwpwt ut «kull. Vc •,. • i j -ii i ,.■ 

B. i-miiie. c. Maniibiiinr ijiniibysii. from ik^Iu*. mrA fl singU, and maxtltae and paMuies 

Sm': ,v, "puinSn"; i^'i PrKii'ittiihn ; ""simi!!'. with several longiiudinal series of depressed 

uiinOatXei?^^' "' ^'*™' '*"'i'""'i >"fuit>'). conical teeth. External nares confiuent. 

Trius. 

Hyperodapedon, Huxley (Fig. 240). Body stout, upwards of 2 m. long. 
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Mandibular rami fused in a long symphysis, which is slightly forked at its 
toothless anterior end ; posteriorly with a single series of obtuse teeth. 
Parietal foramen and intercentra apparently wanting. Cervical vertebrae 
opisthocoelous ; limbs imperfectly known. Supposed Trias of Elgin, Scotland, 
and Central India. 

Bht/Tichosaurus, Huxley. Smaller and with fewer teeth than the preceding ; 
mandible toothless or with minute teeth, maxillae with a single row, and 
palatines with a double row of small teeth. Vertebrae amphicoelous ; ab- 
dominal ribs well developed. Upper Trias ; Shropshire and Warwickshire. 

Family 2. Me808aurida.e.i 

Small lacertiform reptUia^ wUh very numerous, txireniely long and adcular 
teeth in the upper and lower jaws. Veiiehral centra amphicoelous, uith remnants of 
the notochord. Cervical vertebrae with short hatchet - shaped ribs. Dorsal ribs 
single-headed, very thick. Ventral ribs well developed. Tarsus with two rows of 
small bones. Extremities with five toes. 

MesosauruSy Gervais (Ditrochosaurus, Giirich). Karoo formation of South 
Africa. 

Stereosternum, Cope, from the Permian or Lower Trias of Brazil is possibly 
identical with, in any case very similar to Mesosaurus. 

Family 3. Ohampsosauridae. 

Skull with elongated gavial-likt snout. A single series of large conical teeth 
present on the jaw-bones and palatines, and irregular longitudinal series of mintUe 
teeth on the vomers, palatines, and pterygoids. External nares terminal- and confluent. 
Mandibular rami sidurally united at the symphysis. Only two intercentra preserd at 
anterior end of tlie neck. Vertebral centra completely ossified, slightly Incon/uire, or 
amphiplatyan, and sviurally united with their neural arches. Cretaceous and 
Lower Eocene. 

Champsosaurus, Cope {Simaedosaurus, Gervais). Large aquatic reptiles 
attaining a length of 2*5 m. Premaxillae elongated into a ga vial-like rostrum ; 
cervical ribs short and double-headed ; abdominal ribs stout. Humerus with 
ectepicondylar groove instead of foramen. Known by fragmentary remains 
from the Laramie Cretaceous, and Lower Eocene of the United States, and by 
complete skeletons from the Lower Eocene of France and Belgium. 

Family 4. Sauranodontidae. 

Small long-tailed Bhynchor^'pludia with edoUulous jaws and beak-like rostrum. 
Temporal fossae small, paiietal foramen wanting, postorbital very large, external nares 
undivided. Vertebrae well ossified ; second sacral rib distally divided; alKlominal 
ribs stout. Fore-limb shorter than the hind, both pentaductylate. Dermal scales 
rectangular. Upper Jura. 

Sauranodon, Jourdan. This, the solitary genus, is known by perfect 
skeletons from the Upper Jura of Cerin, France. S. incisivus, Jourdan, attains 
a length of about 0*7 m. 

* Ofinilz, H. 7?., Sur Stereosterniim tumidum, (*5oi>e (Ann. Soc. Geol. Belg. vol. XXV. bis p. 35), 
1900. -Woodt'-dnf, A. X, On a new specinieu of Stereosternum (Geol. Mag. [4], vol. IV. p. 145), 
1897. 
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Faiuily 5. Sphenodoatidae. 

VerlehrM amphkoelous, sometwtss with persisUnt noto- 
dwrd ; intercentra present in cervical and caudal regions. 
PremaxUlae each with ii small pointed tooth. A single 
series of depressed, triangular, acrodmd teeth present on 
maxillae, maiuOMes, and outer eilge of the pahtines ; romer 
toothless. External nares separated ; interclavide T-shaped; 
dermal scales satyredangular. Upper Jura to Eeeent. 

Homueosaurm, v. Meyer (Sapheosaur-as, v. Meyer), 
(Fig. 241). Attaining a length of between 20 and 40 
cm., and differing from the recent Sphenodon in that 
intercentra are absent between the doraal vectebrae, 
ribs without uncinate proceseea, and humerus not 
pierced by entopicondylar foranjen. Mandibular rami 
united at the symphysis by ligaments ; second sacral 
rib bifid distally. Upper Jura (Lithographic Stone) ; 
Bavaria, and Cerin, France. Kimmeridgian of Hanover, 
and Purbeckian of England. //. maximilittni, v. Meyer. 

Ardeosaurus, Acrosaurus, v. Meyer ; Eiiposaurns, 
Jourdan. Upper Jura (Lithographic Stone) ; Bavaria, 
and Cerin, France. 

Pleurosaurus, v. Meyer (Anguisaurus, Miinst. ; Sauro- 
phidium, Jourdan). Body serpentiforni, upwards of 
1-5 m. long, the tail forming one-third the total length. 
Snout tapering in front. Presacral vertebrae with 
stout single-headed ribs ; abdominal ribs well developed. 
Fore-limbs shorter than the hinder pair. Upper Jura 
(Lithographic Stone) ; Bavaria, and Cerin, France. P. 
muenderi, Wagner. 

Sphenodon, Gray {Uiitleria, Gray). Inferior 
border of the large orbits formed by maxilla ; 
external nares divided ; a single tooth on either j'' 
side of the premaxiljary beak ; intercentra present 
between all the vertebrae, humerus with both en tepi condylar and ectepi condylar 
foramina or grooves. Eeeent, inhabiting certain islands off New Zealand. 

VERTICAL RANGE OF THE RHYNCHOCEPHALIA. 




'2t-^ 



nivinlonn. 


hui.ii 


i 

J 


I. Prutbrosavsia .... 
H. Peltcosauhia .... 

III. RUYSfHOCBlllAl,[A VERA. 

2. Mesoaaiiridac .... 

■■!. Champtosaurutac . 
4. .'ia«ranod-»Ui<lae . 


_ 


— 




1 
\ 

■ 













152 REPTILIA class in 



Order 2. SQUAMATA. (Lepidosauria, StreptoetyliQCL) ^ 

Body elongate^ covered with corneous^ or nrne rarely with dermal scales or scutes. 
Quadrate movably attached to the skull ; the lower temporal arcade always, and upper 
temporal arcade frequently wanting, Palaial va^cuities large, pterygoids not in contact 
with vomer ; external nares separated ; teeth acrodont or pleurodont. Vertebrae well 
ossified, usually procoelous, rarely amphicoelous ; sacral vertebrae not more than two in 
number. Post-cervical intercentra and abdomiruil ribs wanting ; dorsal ribs single- 
headed. Limbs adapted for ambulation or natation, absent only among Ophidia and 
a few Lacertilia, 

This order comprises Lizards, Snakes, and two extinct groups of aquatic 
reptiles, — Dolichosauria and Fythonomorplia, — the earliest clearly recognised 
members of which occur in the Cretaceous. The Sguam^ata are evidently very 
closely allied to Rhynchocephalians, and in all probability their origin is to be 
traced to that group. 

Sub-Order 1. D0LI0H08AXJEIA. 

Small, aquatic, serpentiform reptiles, with well-developed lizardAike limbs and limb- 
girdles. Vertebrae procoelous, ami articulated both by zygapophyses and zygosphene- 
zygantrum arrangement. Sacral vertebrae not anchylosed. Mandibles with sutural 
symphysis. Teeth pleurodont. 

The family Dolichosauridae comprises a few genera from the English Chalk 
and the Upper Cretaceous of- Istria and Dalmatia, the largest of which attain 
a length of between two and three metres. Dolichosaurus, Owen, has no less 
than seventeen cervical vertebrae and large hollow ribs. Acteosaurus, Adiio- 
saurus, Aigialosauins, Carsosaurus, Pontosaurus, and Mesoleptos are allied Istrian 
genera. Most of the detached vertebrae of Cretaceous age, commonly classed 
as Ophidian, are doubtless Dolichosaurian. Like the Pythonomorphs, these 
forms probably passed away without leaving any post-Cretaceous descendants. 

Sub-Order 2. PYTHONOMOBPHA Oope.^ 

Large marine reptiles with elongate body and two pairs of paddle-shaped appen- 
dages. Skull lizard-like, elongate, depressed ; superior temporal arcade and pineal 

' Cope^ E. D., Crocodiles, Lizards, and Snakes of North America (Ann. Kept Smithsonian Inst, 
1898), 1900. 

^ Literature : 

Baury O., Morphology of the skull of the Mosasauridae (Joum. Morphol. vol. XII., No. 1), 1892. 
— Copef E. D., The Reptilian orders of Pythonomorpha and Streptosauria (Proc. Boston Sonc. Nat. 
Hist. vol. XII. p. 250), 1869.— Tlie Vertebrata of the Cretaceous Formations of the West (Kept. 
U.S. Geol. Surv. Territ vol. II.), 1875.— Professor Owen on Pythonomorpha (BuU. U.S. Geol. Snrw 
Territ. vol. IV. p. 299), 1878. — Cuvier, (J., Sur le grand animal fossil de la craie de Maestricht 
(Ann. Mus. d'Hist. Nat. vol. XII.), 1808. — Dolto, L., Note sur I'osteologie des Mosasauridae (Bull. 
Mus. Roy. d'Hist. Nat. Belg. vol. I.), 1882.— 7&»V/. vol. IV., 1886.— Nouvelle Note, etc. (Bull. Soc. 
Belg. de Geol. Pal. et Hydrol. vols. III.-VIT.), 1889-94.— 6'tW>c«, R. ir., A Memoir on Mosasanrus, 
etc. (Smithson. Contr. Knowl. vol. II.), 1864. — Uoldftiss, A., Der SchSdelbau des Mostsaurus (Nova 
Acta Acad. Caes. Leop. Car. nat. cur. vol. XXI.), 1843. — Leidy, /., CYetaceons Reptiles of the 
United States (Smithson. Contrib. Knowl.), 1864.— Extinct Vertebrate Fauna of the Western Terri- 
tories (Rept. U.S. Geol. Surv. Territ. vol. I.), 1873.— J^flrrsA, O. C, Characters of Moaasauroid 
ReptUes (Amer. Joum. Sci. [3], vol. I.), 1871.— //>*>/. vol. III. (1872) ; and XIX. (1880).—jlf<rrriV?im 
/. C, Die Pythonomorpha der Kansas Kreide (Palaeontogr. vol. XLl.), 1894. — Os6om, H. F.y A 
complete Mosasaur Skeleton (Mem. Amer. Mus. Nat. Hist. vol. I. pt. 4), 1899. — Otcen, R., On the 
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foramen present ; premaxillae and nasals fused into a simple rostrum ; quadrate 
large, perforate, and movablij atlached to squamosal and pjvsquamosal ; parietal un- 
paired aitd joitted to the supraocdpilals and prootics by deairved lateral processes. 
Mandiindar rami united at the symphysis liy ligavient, and with a movable arlteulation 
behind the middle of each ramus. Tetih large and conical, fixed by tumid bases in 
shailow alveoli of the jaw-bones and pterygoids. Sclerotic ring present. Vertebrae 
procoelous, cervuals iDilh hypapophyses. Sacrum wanting; sternum probably ntfWf 
ossified ; interdavide (epislemum) sometimes present, but no clanatlar arch. Limb- 
bones short, but the digits are lengthened by an increased nundier of phalanges, the 
UTtgual ones clawless. 

The vertebral column comprieee 115-130 or perhaps more procoelouB 
vertebrae, and ie sometimes divisible into cervical, dorsal, lumbar, &nd caudal 
regions. The distinction between dorsal and lumbar series is not very decided, 
however, except that the latter bear shorter ribs. The transverse processes 
are short and thick id the precaudal vertebrae for the attachment of single- 
headed ribs; in the caudals they are flattened and elODgated but not costiferous, 
and become obsolete at about the middle of the tail. The neural arches are 
always, even in young individuals, thoroughly coossified with their centra ; the 
neural spines are of moderate length, but sometimes notably elongated in the 
posterior region of the tail. The zygapophyses are strong in the cervical and 
anterior thoracic region, but become weaker and finally disappear in the tail. 
Y-shaped haemapophysea or chevron bones are present in all the caudals with 
the exception of the first five or more, to which the name " pygals " has been 
given ; each chevron articulates ^ ^ 

only with its own centrum. The 
atlas is composed of a wedge- 
t>ha{>ed intercentrum below, and 

two lateral pieces or neuropo- _ 

physes, as in lizards, its centrum 
being represented by the odontoid 
process of the axis. A wedge- 
shaped intercentrum occurs be- 
tween the atlantal intercentrum ^ 
and the axis. The axis and five 
following cervicala bear each a 
more or less stout exogenous 
hypapopbysial process, to the ex- 
tremity of which is attached a 
small, free epiphysis, correspond- 
ing morphologically to an inter- 
centrum (Fig. 242). This is K,a. S4» 
wanting in the last cervical, and aidaneM itmopt. capt. utipcr ci^uwm* ; kbiihu. An. 
the process itself is rudimentary. )'^!i'i i/"'"'c"n'iniin' ' '^"' "'° '*'" " ^""" 

The M (Fig. 2*3, 344) fcjiSfe i', l-. .,.....>-. .-,.. 
resembles that of Varanns more 
nearly than that of other living reptiles. The parietals, frontals, and pre- 

latik iDiI nlfluitit) of the MosammriJav (Qunr. Jaurii. (ieol. Soc. vol. XXXIII. p. 6b'i), J&77.— Ibid. 
vol. XXXIV. (1878), p. 7a.— Wmi«ion. S. W., Oil Mosasaurs. etc. (Kansas Univ. Quar. vol. iL |i. 
83), 1883.— /iirf. vol. Ill, (189.^), p. 165.— Univewity Geol. Surv. Kansai, vol. IV. Top.-kii, 1S98. 
— tru/uloii. & ir„ aiul Cue, E. v., Kanwu Kloassaura (Kanau Univ. Qoar. vol. I. p, 1), 1692. 
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maxillae are all unpaired, as are also the nasals, which are fused with the 
premaxillae. The supra temporal vacuity is bounded externally by the 
prosquamosal and postorbital, which form a 
narrow arcade. The squamosal is intercalated 
between the ezocciptal ( = parocciptal, Baur) 
and the prosquamosal, and sends a slender 
process inwards between the exoccipital and 
prootic, extending nearly aa far aa the brain 
cavity. The suture between the postorbital 
and postfrontal is often obliterated. Super- 
ciliary plates have not been observed, and are 
often functionally replaced by the horizontally 
expanded prefrontals. The jugal unites with a 
descending process of the pi^tfrontal, and these 
two bones together with the prefrontal com- 
pletely enclose the orbit. There is a complete 
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{tarietal arch formed by a slender process of the parietal uniting with a 
process of the squamosal. 

The quadrate (Figs. 245, 246) is relatively large, and movably articulated 
with the squamosal and prosquamosal. Its antero-superior margin Is dilated 
into a broad thin plate, and its posterior margin is notched or perforated for 
the auditory meatus. This opening is cither partially or completely enclosed 
posteriorly by the stout suprastapedial process, which is especially character- 
istic of the Mosasaur quadrate. On the concave inner side of the quadrate, 
near the upper part of the meatal notch, is a small pit for the lodgment of the 
outer end of the stapes. The quadrate exhibits wide variation in form and 
size amongst the difierent genera. 

The transverse bone, or ecto pterygoid, is always small, and joins the 
pterygoid and jugal only. A slender columella, or epipterygoid, is present in 
all cases. The mandibular rami were united at the symphyaia by ligaments, 
Somewhat back of the middle of each ramus, between the angular and splenial, 
and the dentary and surangular, there is a movable articulation permitting of 
a wide distension of the jaws. 
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A single series of large codIcaI teeth occurs in both upper and lower jawe, 
those of the pterygoid being inferior to the rest in size. The crown often 
exhibits slight anterior and posterior carinae, and may be bevelled into several 
longitudinal facettee ; and the enamelled surface may be either smooth or 
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delicately striated. All the teeth are fixed by tumid osseous bases in shallow 
pits of the supporting bone. Successional teeth arise alongside the functional 
ones, and gradually displace them by pressure against the crown oti the inner 
side. 

The ptfloral arch (Fig. 247) exhibits a rather ;large and flattened coracoid, 
the articular border of which is thickened and divided into two facettes 



r, Itndliu ; «', SopiiJa ; «, Ulua : 1-V, Ui:lb», <*n*r Minh). 

meeting at an obtuse angle, while the thin inner edge is rounded, and often 
incised by a deep notch or emargination. There is a small coracoid foramen 
situated toward the articular border. Posteriorly the coracoids meet the 
sternum, which was probably never ossified, but composed of calcified cartilage, 
quite like the sternal ribs. The coracoids are separated from each other by a 
broad epicoracoidal expanse of cartilage. The scapula is placed as in Rhyn- 
chocephalians ; a slender interclavicle (epistemuro) is present, but clavicles are 
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wanting. The humerus is short and stout, its articular ends expanded, and 
the distal end with two facettes for the bones of the second segment. Of the 
latter the radius is distally expanded. The carpals vary in number from 
seven (arranged in two rows) in Clidastes and Mosasaurus^ to one or two 
rudimentary ossicles in Tylosaurvs, There are five metacarpals, differing in 
shape amongst the various genera, and supporting a variable number of 
phalanges; these last being comparatively few in Clidastes and MosasauruSj 
and as many as eleven or twelve in the paddles of Tylosaurus. None of the 
digits are clawed. 

The pdvk arch (Fig. 248) is more weakly developed than the pectoral. 
The ilium is a slender rod-shaped bone, its superior end free or loosely 
attached to the single vertebra which functions as a sacrum. The pubes 
probably do not meet in a ventral symphysis, but the ischia are joined along 
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an extensive articular surface. The bones of the hind limb resemble those of 
the fore, but are more slender, and somewhat smaller. There are probably 
never more than three tarsals, and sometimes only one. Four or five digits 
are developed, with a variable number of phalanges. As a rule the posterior 
paddles are smaller than the anterior pair. 

The limbs of Pythonomorphs and Cetaceans furnish an excellent illustra- 
tion of the influence of environment in producing analogous structures among 
widely divergent groups. As a result of their complete adaptation for an 
aquatic existence, Mosasaurs and whales have developed a very similar form 
of body. Most of the Pythonomorphs were of large size, and enjoyed a wide 
distribution, their remains being known from the Upper Cretaceous of Europe, 
North and South America, and New Zealand. 

The Pythonomorphs were covered externally with scales very similar in 
size and structure to those of Faranus. These scales have been found 
impressed upon the bones of the skull, indicating the absence of corneous 
plates. There were no dermal ossifications of any kind. Small or medium- 
sized fishes have been observed in the fossilised stomach contents in several 
instances. 

The earliest discovered cranium, found in the Maestricht Chalk in 1780, 
was mistaken for that of a Cetacean or Crocodilian until Cuvier demonstrated 
its remarkable similarity to the skull of Varanm. Owen united Mosasaurs 
with lizards under the designation of Lacertilia natantia. The name Pyth^m- 
morpha was proposed in 1869 by Cope, who regarded the group as inter- 
mediate between snakes and lizards. It is argued by Dollo and Williston, 
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however, that Pythonomorphs could not have been ancestral to the modern 
Squamatay since it is impossible to suppose that forms which became so highly 
specialised and completely adapted to an aquatic existence, should have ever 
again reverted to a generalised condition, and reassumed terrestrial habits. 
Pythonomorphs arose undoubtedly from land animals, and may have sprung 
from Dolichosaurian ancestors; but they appear to have passed completely 
out of existence near the end of the Cretaceous, without leaving any progeny. 
Their extreme differentiation is attested by the loss of a sacrum, multiplica- 
tion of phalanges, degeneration of the hind paddles, development of a man- 
dibular joint, and other characters, of which no heritage remains amongst 
modern Squamata. 

Family 1. Mosasauxidae. 

This family, with the characters of the sub-order, comprises three rather 
divergent groups, which are considered of sub-family value. Restricted to the 
Upper Cretaceous. 

Sub-Family A. Ttlosaurinae. Williston. 

Hind lirnb fundionally pentadadyle. Trunk short, tail proportionately loitg. 
PremaxUkie prodxLced into a long rostrum in advance of the teeth ; quadrate with 
short suprastapedial process. Carpus and tarsus almost whoUy unossified; phalanges 
numerous. Vertebrae wUhotU, or with very rudimentary zygosphenes, 

TylosauruSf Marsh {Liod&n, Cope ; Macrosawus, Owen ; Rhinosaurus, Marsh). 
Skull 0*7 to over 1 m. long. Superior surface of parietal smooth and produced 
to the posterior margin in the median line, with nearly parallel sides ; foramen 
at its anterior margin. Post frontal and prefrontal meeting on the superior 
border of the orbit ; quadrate stout, with very short suprastapedial process ; 
maxilla with about thirteen large teeth. One or two carpal and tarsal bones 
present, not articulating with adjacent elements. Coracoid not emarginate ; 
limbs about equally developed ; phalanges numerous ; fifth digit elongate. 
Haemapophyses loosely articulated ; no zygosphenes. Niobrara Group ; 
Kansas, New Mexico, and Texas. T, proriger, T, dyspelor, Cope. 

HainosauruSy Dollo. Skull upwards of 1 '5 m. long. Frontal broad ; pre- 
frontal and postfrontal meeting over the orbit ; teeth of unequal size. Carpals 
reduced in number ; phalanges fewer than in TylosatiruSy and paddles relatively 
larger. Haemapophyses loosely articulated ; cervicals with small zygosphenes. 
Upper Cretaceous ; Belgium. 

Sub-Family B. Platecarpinae, Williston. 

Hind limh functionally pentadadyle. Trunk short, tail proportionately long. 
Premaxillae short, very obtuse, and projecting hut little in front of the teeth. Quadrate 
large, with a long suprastapedial process. Carpus and tarsus imperfectly ossified. 
Vertebrae with rudimentary {or fundional?) zygosphenes. Interclavide probably 
present in all forms. 

Platecarpus, Cope (Lestotaurus, Marsh ; ? Holcodus, Gibbes), (Figs. 248-250). 
Total length about 5 m., of which the skull forms one-eighth. Superior sur- 
face of parietal small, triangular, not reaching beyond the middle of the bone ; 
large oval foramen at its anterior border. External nares much dilated 
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anteriorly. Quadrate large, with prominent supra- 
Btapedial process extending below the middle of the 
bone; opening for the auditory meatus Urge, not 
entirely encloeed. Teeth slender and recurved, 
facetted on the outer side, striate on the inner; 
maxillae with about twelve, and pterygoid ten to 
twelve teeth. Coracoid deeply emarginate on inner 
border. Four carpala and three tarsals present, 
closely articulating. Fifth digit shorter than the 
fourth, and divergent. Chevron bones large, loosely 
articulated. Abundant and represented by n 
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species in the Upper Cretaceous of Kansas, Colorado, 
Texas, North Dakota, and France. 

Hdosanrus, Marsh. Very similar to the preceding, 
except that the coracoida are not emarginate ; there 
are no zygosphenes in the only known specimen. 
Kansas. 

Plioplatemrpus, Dollo {Oterogtiathus, Dollo). Similar 
to Platecarpas, but with smaller chevron bones. Quad- 
rate with large meatal opening. Mandible slender, 
coronoid rudimentary. Teeth long and slender, 
facetted, and striate. Danian of Maestricht, and 
Upper Senonian of Belgium. 

PrognatkosauTUB, Dollo. Skull about 0-6 m. long. 
Pterygoids nearly as large as the maxillae, and with 
very powerful teeth. The large suprastapedial process 
of the quadrate coosaifies with the infrastapedial 
process, and encloses an oval foramen. A wide canal 
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present in lower part of the basi occipital. Mandible strong, upper edge 
concave, coronoid process prominent. Coracoid non-einarginate ; chevrons 
loosely articulated. Brown Phosphate Chalk ; Belgium. 

Brachysaimis, Willistou. Frontal largo and broad ; no median basioccipital 
canal. Supras taped ial process of quadrate coossified with the infrastapedial. 
No zygosphenea ; ehevrons fused with their centra. Possibly identical with 
preceding genus. Ft. Pierre Cretaceous ; South Dakota. 

Phosphorosaunis, Dollo. Imperfectly known. Frontal very narrow, with 
nearly ))aral!el sides, and taking part in the superior border of the orbit. 
Parietal small ; its exposed surface triangular, and with very large foramen 
at its front margin, Suprastapedial process much elongated and united with 
the infrastapedial, enclosing an elongated meatal opening. Tympanic cavity 
extended and shallow. Upper Cretaceous ; Belgium. 

TanivihasauTus, Hector. Allied to Platecarpus. Cretaceous ; New 
Zealand. 

Sub-Family C. Mosasal-rikae. Willifton. 

ifiad limb MTodactyle. Trunk el&ngated, tail much dilated di^ally. Pre- 
miixUlae forming a short and obtuseiy coniail rostrum. PTefronlals more or less 
dilated inio a horizontal plate posteriorly. Quadrate small, with moderate-sized 
suprastapedial process. Coronoid large, arliadaiing with^ the splenial on the inner 
sirfe. Humerus with strong radial process at distal end. Carpus and larsas com- 
pletely ossified ; not more than six phalanges in any of the digits. Zygospltenes rudi- 
mentary/ or functional, chevrons fused with their cejdra. 

Clidastes, Cope {Edestosaurus, Marsh), (Figs. 242, 4. 6, 7, 251). Skull 0-4 
to 07 m. long ; slender, 
tapering, depressed. 
Frontal not emaiginate 
posteriorly in the 
median line. Parietal 
foramen entirely within 
the parietal plate. 
Teeth facetted on outer 
aide, and smooth on the 
inner or on both faces. 
Dentary with about 
seventeen teeth, maxil la 
fifteen, pterygoid 
twelve to fifteen, 
Zygosphenes func- vw.ib\. 

tional ; chevrons long. UlUlmln tofptlU-a. Copp. Udiht Cretaceum ; Uhloiilowii, Alabtiiis. 

Neural spines elevated " '"'"^"'"■'"' "» n>i»t , „ » r oi* . 

in posterior half of the tail, suggesting presence of a caudal fin. Upper 

Cretaceous; Kansas, Alabama, and New Jersey. 

Mosasaurus, Conyb. (IMod<m, Owen; PterycollasauTUS, Dollo), (Figs. 243, 
252). Skull attaining a length of I'2 m., and total length of about 12 m. 
Distinguished from Clidastes chiefly by absence of a zygosphene-zygaritrum 
arrangement. There are more than 130 vertebrae in the column, of which 
46 are precaudal. The massive upi>er jaws are armed with about fourteen 
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powerful teeth on either aide, and the pterygoids support about eight smaller 



teeth, all with anterior and posterior carinae. Upper Cretaceous ; Holland, 
Belgium, France, Northern Gemaany, and the United Stat«s. 

[The text for the preceding chapter on Pytkanomorpka has been revised and modified in 
accordance with the latest resBarclica by Dr. S. W. WiUiston, Profeaaor of Geology and 
Palaeontology in the Unjveraity of Kansas, at LavTeuce. — EnlTOK.] 



8nb-0rder^, LAOEKTILIA. SanilL LizardB.> 

Scaly, long -tailed reptiles, with elongated and somelimes serpenliform body. 
Superior temporal arcade often waiUiitg, aiid qaadmte loosely attacluil to the cranium. 
Cdunulla rod-like or riultmetUary ; alisphenoid and orbtlosphenoid not osstjied. 
Mandibular rami svJarallg united at symphysis; teeth acrodont or pleurodoid. 
Sternum usually, and limh girdles always present, but one or bath pairs of appendages 
sometimes wanting. Limbs and»daiory, and usnally provided with Jive clawed digits. 

The majority of lizards possess a dermal covering of corneous or in some 
cases of osseous scales, Bcutes, or epines, extending over the head and whole of 
the body. The vertebral column consists of numerous procoelous vertebrae 
(amphicoelouB only among the Gertnniilae and UroptUiilae), in which the neural 
arches are thoroughly cobsaified with their centra. There are seldom more 
than nine cervicals, and the atlas is composed of two dorsal pieces, either 
separate or united, arid one ventral piece in the form of a free hypapophysis 
or intercentrum. Both the cervical and dorsal series have the transverse pro- 
ces^ies weakly developed, so that the ribs appear attached by a short tubercle. 
AH of the ribs are single-headed. They are wanting on the anterior cervicals, 
some of the lumbar, and a!l of the caudal vertebrae. The sacrum is composed 
of two vertebrae. Stout transverse processes and chevron bones are borne by 
the caudals, 

A sternum is present, although sometimes rudimentary, in all lizards 
except Amphisbaeiia ; it usually occurs as a large rhombic or shield-shaped 
bone, sometimes pierced by two foramina. The ventral portion of the anterior 

' Litcrntnre : 

Copt. E. T>., The VertebraU of the Tertiary Formalious of the West (Kept. N.S. Geol. Snrv. 
Terril. vol. lit.), \»SZ.—Miirih, 0, C, On Glyptosaurus, Tiiioaaurus, etc. [Ainer. Joum. Sci. [3i 
vol. I. p. 456). 1871 ; nnd ihui. vol. IV. (1872), p. 298. — .Vf^^r, H. nm, Lacert«n am der 
Braunkohle drs Sielfngebirgea (Palaeontogr. vol. VII. p. 74), ISiO.— Porker. W. S., On the 
structure ami development of the ekull in the Lacertilia (Pliil. Trans, vol. CLXX.), 1880. 
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dorsal ribs which join the sternum are sometimes cartilaginous, and in other 
cases bony. 

The skull (Fig. 253) is distinguished from that of Rhynchocepbalians 
chiefly by its large free quadrate, a delicate rod-like columella, and the con- 
stant absence of a lower and occasional absence of an upper temporal arcade. 
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The vomer is unpaired, and not in contact with the pterygoids ; and the 
latter, together with the palatines, form a flat thin palate pierced by large 
vacuities. A transverse bone (ectopterygoid) occurs between the maxillae 
and pterygoids. The external nares are separate, and commonly placed near 
the orbitfl. The opisthotic is fused with the exoccipital, forming the ao-called 
parotic process of the posterior temporal region. The distal end of this 
process serves with the posterior ends of the squamosal and prosquamosal as 
a buttress to which the movable quadrate is attached. The squamosal itself 








Becent ; Wmt 


Ddi«. Id 


er MpMt of right nmna of iiiudlblx, showing 


l«th 


(o»ff. AnguUr 




i, IJenUry 





is of small size and situated between the outer angle of the parietal and 
distal end of the prosquamosal. The postorbito- frontal unites with the 
forward end of the prosquamosal to form the lower boi-der of the superior 
temporal fossa, and also unites with the jugal to form with this bone the 
posterior border of the orbit. In lizards the jugal is never in direct connec- 
tion with the quadrate. A parietal foramen occurs, and the parietal is 
frequently unpaired. 

The mandibular rami (Fig. 254) are suturally united at the symphysis ; 
they exhibit the same structure as in Python omorphs, except that there is no 
movable articulation behind the middle of each ramus. Teeth are always 
VOL. II H 
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present in upper and lower jaws, and occur rarely on the palatines, pterygoids, 
and vomer. They are either acutely or obtusely conical, chisel- or arrowhead- 
shaped, serrated or carinated on the anterior and posterior edges, or in some 
cases their form may be hemispherical. Their bases are completely fused 
with the supporting bone, and their arrangement is either acrodont or pleuro- 
dont. Successional teeth are developed on the inner side of the functional 
ones, and gradually displace them. 

As a rule two pairs of limbs provided with five clawed digits are present, 
although the hinder pair may be rudimentary, and in some cases both pairs 
are wanting. The limb giixlles persist, however, even among apodal forms, 
but the pelvic arch may become reduced. The coracoid is relativt^ly large, 
and develops an anterior process, or precoracoid. The scapula also consists 
of two portions, of which the distal (suprascapula) is the larger and usually 
remains cartilaginous. The scapula proper is in some cases bifid at its distal 
extremity. The rod-shaped clavicle connects the anterior border of the 
scapula with the T-shaped or cruciform interclavicle, which is situated in 
front of the sternum. The bones of the fore-limb resemble those of Rhyn- 
chocephalians, except that the humerus never displays distal foramina. 
There are eight small carpals arranged in two^rows, and the usual phalangeal 
formula is 2, 3, 4, 5, 3. 

Where the hind limb is normally developed, the ilia are movably attached 
to the cartilaginous ends of the sacral ribs. Pubes and ischia meet in a 
ventral symphysis; and the anterior border of the former frequently develops 
a strongly curved process. The femur generally exceeds the humerus in 
length, and the bones of the crus remain separate. The proximal tarsals 
consist of a large tibiale (astragalus) and fibulare (calcaneum) ; there are 
often but two free tarsals present in the distal row (Nos. III. and IV.), the 
remainder being fused with the metatarsals. The phalangeal formula of the 
pes is usually 2, 3, 4, 5, 4. 

Lizards of the present day are restricted almost exclusively to the tropical 
and temperate zones, and according to Hoffmann they comprise 434 genera 
and 1925 species. In comparison to these, the number of known fossil forms 
is very insignificant. The oldest remains commonly associated with lizards 
are the fragmentary jaws and procoelous vertebrae from the English Pur- 
beckian, known as Macdlodus brodiei, but these are too imperfect for accurate 
determination. Most of the detached vertebrae and other fragments of 
Cretaceous age which have been referred to Lacertilians or Ophidians are 
probably Dolichosaurian. 

Even the known Tertiary fossils are very fragmentary, and belong for the 
most part to existing families. From the Lower Eocene of Wyoming repre- 
sentatives are known of the Varanidae (Tinosaurus), Anguidae (Gli/ptosauru.<y 
Saniva, Xestops), Iguanidae (Iguanamis), and Chamaeleonidae, Iguana itself, 
now restricted to the western hemisphere, occurs in the European Tertiary. 
Fragmentary remains of a number of other recent genera are found in the 
Eocene (or Oligocene) Phosphorites of Quercy, and Gypsum Beds of Apt, in 
France, among which may be mentioned the following : — Froiguana (Fig. 255), 
Plestiodon (Fig. 256), Palaeovaranus (Fig. 257), Agama^ Diploglossus, and 
Laceria. 

The Miocene also yields a number of Lacertilian fragments identifiable 
with recent genera, the principal localities being Auvergne, France ; the 



lignites of Rott, near Boan ; aod the freshwater strata of Steinheim, Haslach, 
Giinzbiirg, Sansan, aod Colorado. The most gigantic of all lizards are 





Pilhol. Phosphorite of iWlocoraniniii mylim, Filhol. Fho.- 

Qucrey. Inner gsptct of phorlte of Quprcy. Hnllliiry f™,i- 

ileulary. I/,. "i*rit. )/|. 

Megalania and Noliosaurus, from the Pleistocene river deposits of Queensland. 
The former is estimated to have been about 10 m. in length, and belongs to 
the Varanidae. 

Sab-OrdsT 4. OFHIDIA. Snakes.^ 

Bodij serpeiUi/oi-m, without limbs, covered with corneous scales. Vertebrae 
procoelons, with sygosphene-zygantrnm articalalion, and the anteiior centra with 
strong simple hypapophyses. Both upper and iffwer temporal arcades, columella, 
sacrum, sternum, pectoral arch, abdominal ribs and haemapophyses are wanting. 
Parietal unpaired, without foramen, the sides extended downward and fused 
with the proijlic, alisphenoid, and orbitospkenoi<t. Anterior portion of brain case 
completely ossified. Qjiadrate and pterygoid movaUy attached to sknll by ligament. 
MaxiUae and palatines usually freely movaitle, always displaeeable. Premaxillae 
much reduced; mandOndar symphysis ligamentous. 

Snakes are chiefly conspicuous for the absence of limbs. The body is 
greatly elongated, and the number of vertebrae very considerable, sometimes 
exceeding 400. The centra are concave in front and 
convex behind, the connection being by free ball-and- 
socket joints ; and their articulation is further 
strengthened by zygapophyses and a zygosphene- 
zygantrum arrangement. The neural arches are 
thoroughly coossitied with their centra. Simple 
hypapophyses are developed by the anterior ver- 
tebrae as far as sometimes the thirtieth, and the 
transverse processes are short and tumid (Fig. 258). 
Ribs are almost always present in the trunk region, 

beginning with the third vertebra; and being freely py,i,o„ biviuami schii 
articulated, are able to assist in propelling the body. Recent; siin.itr.. 'Anterior 
They are long, curved, and frequently hollow; in the ^riuieT *"vii?*Hyiai«phy-" ■ 
caudal region they are replaced by elongate trans- d'Ail'^M.)''' '"'™''' "^'"*'' '"'"' 
verse processes. Haemapophyses are wanting among 

snakes, and in their stead occur stout descending branches of the transverse 
processes (Fig. 259), 

' Litetature ; 

(W. A". »., Tlio VertehraU of the TertUry Korniatioiis of tlie Weat (Kept. U. 3. Qeol. Surv. 
Territ. toI. III.), 1883.— /■'Vforf. H., Ami. Sci. G^oL vol. VIII. (1887J, p. 270.—FiKker. O., De 
»eT|ientiba« qnibnsiUm fomilibna diaserlatio. Bodti, IS57. — Slqfer, H. ton, ('oluber tttvun aus 
dem Siebengebirge (PtUwoiitogr. vol. VIT.), ISiO.—Hochthnmt, A. F. tit, Revisiondea Ophidiana 
touilea (Nout. Arch. Masit d'Hist. Nat, Piiri» [2], vol. III.), 1880.— WoeBwr, f., Uebsr P]>thoii 
CDboeicDH (ZeiUcbr. deut«<:h. geol. Qen. vol. XXll.), 1S70. 
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The serpent cranium {Fig. 260) differB from that of lizards in the conEtant 

absence of both temporal arcades ; complet« ossification of the anterior part 
of the brain case ; reduction of the premaxillae ; absence 
of a columella ; strong development of the ecLopterygoid, 
which joins the maxillary and palato-pterygoid arches ; 
and movable connection between not only all of the last- 
named bones, but between the squamosal and occipital 
region, and between the rami of the lower jaw. The 
brain cavity is very long, and its lateral walls as far as 
Fio. »69. the middle portion are formed by descending processes 

Fpiian Mi>uia<u>, ouiui of the parietal and frontal. The exoccipital and opis- 

ir^imiST'd'!", '^u- ihotic are fused, and the maxilla is often much reduced. 

rnrbiS^raTzygiintrun^ ^^' ^^^ Cranial bones are dense and ivory-like, and united 
by smooth sutures. 
Acicular, recurved, acrodont teeth are usually present on the maxillae, 

premaxillae pterygoids, palatines, and dentary bones. Occasionally they are 

wanting on the palatines {^Uropel- 

tidae),B,aA often also on the rudi- 
mentary premaxillae. In the 

venomous snakes some of the 

maxillary teeth are hollow and 

traversed by a canal or groove i-m. 

ending in a slit-like opening at the 

end of the tooth. The canal is 

connected with the duct of a 

poison gland, and through it the 

secretion of the latter ia forced 

when the animal strikes. Some 

of the nonpoisonoua snakes also 

have grooved teeth immovably 

fixed to the maxillae. 

Locomotion among snakes is 

accomplished by the lateral move- Fio. 2do. 

ments of the vertebral column, Cii*>Vu< lu,rHd<t. l.lnn. Rweiit; Smitb Amrrioi. (nrt, 

assisted by the ribs, the latter ^•:£^^r-J;:^XTTnL^"^i^u^^'-Ji. 
being alternately pushed forward M^"fJ;p.'Sti„"??';^."'^U«^iin?^!"U«S(i;'^i 
and the dermal scutes drawn after Profroniai: pi, Ptorytwid; ijb, qiadrai*; •!, SquiioiHai ^ 

f r, TranHvenw or eclo[>ur]'i{ol(l), <ifl«r CLiuii). 

The Ophidia are distributed principally in the warmer regions, only the 
smaller forms extending into the northern temperate zone. By far the 
greater number are terrestrial, although some are amphibious, and a few are 
exclusively marine. About 400 recent genera and nearly 1800 species are 
known, as compared with only about 35 fossil forms, the majority of which 
are very imperfect. Most of the detached vertebrae of Cretaceous age 
originally regarded as Ophidian are doubtless Dolichosaurian, and the known 
Tertiary species are scarcely to be distinguished from those now living. 
Tolerably complete skeletons occur rarely in the freshwater Miocene of 
Oeningen and Euboea, as well as in the lignites near Bonn, and belong chiefly 
to the non-poisonous varieties. 

Typically Ophidian vertebrae (Palaeopkis) from the Lower Eocene of 
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Sheppey and Bracklesham, England, and Cuiae la Motho France, are ascribed 
to marine Pylhonidae which may have attained a length of 6 m. A vicarious 
genus, THamphis, occurs in the Eocene of New Jersey, and several genera 
(Hetagris, Cope ; Boavtts, Liihopkis, and Limiwphh, Marsh) have been described 
from the Eocene of Wyoming and New Mexico. Among the Upper Eocene 
(or Oligocene) forms of France, Switzerland, and England may be mentioned 
Piilaeopython (Fig. 261) and Scytalophis, Rochebrnne, and Pakryz, Owen, 



One of the best preserved Miocene serpents is Heteropyihon euboeicus, 
Roemer, from Kumt, on the island of Euboea. Representatives of the 
Cdubridae (Elapkis, A\dr. ; Colvher, Linn.), and Erycidae {Scaphophts, Roch.) 
have baen described from the freshwater Miocene of Oeningen, Steinheim, 
Giinzburg, Haeder, Weisenau, Ulm, Sansan, Touraine, and other localities, as 
well as from the lignites of Rott, near Bonn. A number of Erycidae and 
Croialidae are also known from the Miocene of Colorado and Oregon. All 
known Pleistocene remains are identifiable with existing genera. 



// 



Order 3. ICHTH V OSAURIA. (IcUhyopterygia.'^) 



Primitive marirte resiles wUhfish'tike body, long head and tail, and no disttttct neck. 
Investing bones of temporal region contracting into a single broad arcade ; quadrate 
fixed. Rostrum long and tapering ; orbits large, laterally placed, vntk sclerotic ring. 
External nares separate, lightly in advance of orbits. Parietal foramen and sitpra- 
lemporal vacuities large. Teeth acutely conical, inserted in a continuous groove on 
the maxillae and elongated premaxillae and mandibles, but sometimes wanting. Vomer 
edentulous. Vertebrae numerous, very short, deeply amphicoehas. Eibs long, 
abdominal ribs present, but sternum absent. Pectoral arch consisting of coracoids, 
scapulae, clavicles, and a T-s!iaped interclavide. Limbs short, paddle-shaped, 
sometimes with more than five rows of phalanges, and a layer of cartilage around 
the earpals, tarsals, and phalanges. No dermal armour. 

' Batir, G,, On the morpliology ui'l ori^ii or tlie Icblbyoptcrygja (Anier. NaL vol. XXI. p. 837), 
1887 ; also Bericht, 20th VerBBmmluDK Olwrrheia. geol. Vvreins (1887), p. 20 ; and Aiiat. Am. 
vol. X. (189i), p. i5i.-—Copt, E. D., On the cranium of lehthjopterygia (Proc. Am*r. Amoc. Adv. 
Sci. vol. XIX. p. 197), 19,10.— Frau», E.. Die lolithyosaurier der (.U.W«iil«'lien Trian uud Jnra 
AblageraDgeo. TiibiiiK«a, 1891.— l>ie HBUtbedeckimg vou Ichthyosauraa (Witrtt Jahresh. p. 493). 
\i9i.~Hrtirkins, T., Mfmiiira ot Ichthyosanri and Plesiosaiiri. London, 1834.— J/nrsA, O. C, On 
BapUnodoD, etc. (Amer. Jount. Sci. [»]. Tol. XVll. p. 86), 1S79 ; alHO iind. vol. XIX. (1880), p. 491 ; 
and vol. L (1895). p. iOS.—Mfn-i«m, J. t\. Trias,»ic Ichthyoptsrygia (Bull. (Jalltom. Univ, vol. III. 
p. 63). 1902.— OiWH, R.. Monograph of the fowiil Beptilia of the Liamic Fonnationn, Part III. 
(Palaeontt^tr. Sac,), 1881. — Monograph of (he fowil Reptilia of the CretaceouH Formations 
[ibU!.), nbl.—Serley, H. 0., On Ophthalraosaunia, etc. (Qiiar. Journ. (ieol. Soc. vol. XXX p. 
698), 1874.— On the J'lcull of an IcIithyasHuru- (<*«/. vol. XXXVI. p. 635). 1880.— neuJun', C. 
Bench re ibu tig dea kolossnlen Iclithyorifiuru.-< trigniiorton 7.H Banz. Mnnich. 1854. 
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The members of this order differ conspicuoUBly from all liviDg reptiles, 
. and are diatinguiahed chiefly by their fish-like fonn of body, paddle-abaped 
limbs with numerous oval or polygonal phalanges, large head with elongated 
rostrum, short ampbicoeloua vertebrae, and naked integument. The snout 
resembles that of a dolphin, the teeth are crocodilian-like, the skull and 
pectoral girdle suggest those of lizards, the limbs are very similar to the 
flippers of marine mammals, and the vertebrae and caudal fin are decidedly 
fish-like. As regards external form, limb-structure, and adaptation to a marine 
existence, they depart as widely from other reptiles aa whales do from land 
mammals, and occupy as isolated a position. - 

The absence of branchial arches and shape of the byoid bones prove th&t 
respiration was pulmonary among IchthyosaurB ; and their viviparous habit is 
demonstrated by a number of well-preserved skeletons in the Lias of England 
and Wiirtemberg, which exhibit aa many ae aeven embryonic individuals in 
the abdominal cavity. Large quantities of their coprolites occur in various 
localities, and contain the scales and bones of fishes, and fi'agments of cephalo- 
pods. Ichthyosaurian remains are found exclusively in the marine deposits of 
the Meaozoic, and are most abundant in the Lias. Of their origin nothing is 
known, although it is certain that thay were derived from land animals. The 
earlier (Triassic) forms have less completely paddle-ehaped extremities than 
the later. Some species attain a length of 9 m., and the smallest are only 
about 1 m. long. 

The skiiU (Fig. 262) is conspicuous for ita elongated, dolphin-like roetrum 
and enormous orbits, which are surrounded by a ring of fifteen to nineteen scler- 
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otic plates. The paired parietals and frontals are of small size, and a large 
parietal foramen occurs at their junction in the median line. Adjoining the 
parieUls on either side are the large oval auprntemporat vacuities (S), bounded 
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externally by the squamosal and postfrontal. The external iiares are triangular 
and placed close to the orbits ; the nasals are extended in front, and the 
premaxillae greatly produced. The superior border of the orbit is formed by 
the postfrontttl, and prefrontal, the latter a narrow, triangular plate. In 
front of the orbit, and separating it from the narial opening, is a triangular 
lachrymal. A long, slender, rod-like jngal bounds the orbit below, and a 
curved oblique postorbital encloses it behind. Joining the postorbital and 
jugal posteriorly is the quadrato-jugal, which forms the postero- lateral angle 
of the skull, and together with the quadrate furnishes the connection for the 
lower jaw. An irregularly triangular or rectangular plate, the supratemporal 
(or pTosquamosal, Si), is inserted between the quadrato-jugal and squamosal, 
and behind the postorbital and postfrontal. The maxilla is an elongate 
triangular bone, inserted between the jugal, lachrymal, and premaxiUa. 

The basioccipital (Fig. 263) is very strongly developed, and bears a stout 
articular condyle. Above it and on either side of the foramen magnum are 
the paired exoccipitals, capped by the h a 

supraoccipital. Adjoining the ex- 
occipitals are the opisthotics, which 
remain separate from the probtics. 
The bones of the occipital and otic 
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regions are rather loosely united, and the base and lateral waits of the brain 
case appear to have been cartilaginous ; there is no ossified alispheiioid or 
orbitoaphenoid. 

Abutting against the basioccipital on the lower side of the skull (Fig. 264) 
is a more or less discoidal basisphenoid, which develops a long, splint-like 
anterior process (presphenoid), extending along the middle of a Urge inter- 
pterygoid vacuity. The pterygoids are long and relatively large-sized bones 
joining the vomer and palatines in front, and the basisphenoid and quadrate 
behind. There is a well-developed columella or epipterygoid, but no ecto- 
pt«rygoid has been observed. The posterior nares occupy their primitive 
position on either aide of the narrow vomers. A pair of stout, rib-like hyoid 
bonee is known to have been present. 
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The slender rami of the lower jaw unite in an extensive eymphysis, and 
are without a coronoid proceM. Each ramus consists of five or somettmes bix 
pieces. A deep groove extends along the outer side of the dentary on its 
upper border, but becomes interrupted anteriorly into a series of pits for the 
blood-vessels. 

The teelk (Fig. 265) are acutely conical, smooth or vertically striate, some- 
times with anterior and posterior carinae, and with a tumid root usually 
larger than the crown. As many as 180-200 occur in single series in upper 
and lower jaws (Fig. 266), being confined to the maxilla, premaxilla, and 
dentary. They are placed in a deep groove, usually continuous, and were 
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held in place by the tissues and edges of the groove. Some of the later 
Mesozoic forma arc edentulous. The crown is composed of dentine, covered 
with a layer of enamel, and over this there may be sometimes still another 
layer of cement. A vertical folding of the walls similar to that occurring in 
Labyrinthodonts is occasionally observed. The large root is composed of an 
osseous cement containing bone cells and vascular canals, and is enveloped by 
a more or less plicated covering of dentine. 

, The vertebral column comprises but two regions — caudal and precaudal. 
There is no true neck, and no sacrum. There are between 120 and 150 
vertebrae, of which about 100 are caudal. The centra are extremely short, 
and deeply biconcave, as among Selachians and Labyrinthodonts. The neural 
arches are strongly developed, never fused with their centra, and articulate 
with one another by feeble zygapophyses. Adult individuals almost Invariably 
have the atlas and axis fused, and before and behind each of them are sub- 
vertebral hypocentra or intercentra. The remaining precaudal vertebrae are 
of nearly uniform character (Fig. 267), each centrum being provided with two 
pairs of tubercles for attachment with the double-headed ribs, and exhibiting 
dorsally a neural canal, with a rugose pit on either side for the pedicles of 
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the Deurnl arch. The anterior caudals bear only a single pair of tubercles for 
the support of the single-headed ribs, and these gradually disappear posteriorly 
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(Fig. 268). The halves of the chevron bones usually remain separate, but the 
neural arch of each vertebra except the atlas is undivided. A sharp down- 
ward deflection of the column occurs in the posterior part of the tail, where 
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the vertebrae enter the base of the large, triangular caudal fin. The latter is 
expanded in a vertical instead of horizontal plane, and must bave been a very 
powerful swimming organ. A median dorsal fin has also been observed in a 
specimen from the Lias of Wiirtemberg (Fig. 269). 

Ribs are present on all the precaudal vertebrae, and reach their greatest 
elongation between the tenth and thirteenth centrum, after which they 
gradually decrease in size toward the pelvis. From here on they continue 
single-headed, straight, and more like lateral processes than ribs, and become 
obsolete toward the caudal fin. The long slender ribs of the trunk are 
recurved, subcylindrical in section, and in most species longitudinally grooved. 
A median longitudinal and one or two paired lateral series of splint-like 
abdominal ribs are developed. 

The pectoral arch (Fig. 270) is unusually powerful, and indicative of 
excellent swimming ability. There is no ossified sternum for the attachment 
of ribs, but a T-sbaped interclavicle is present in the median line, in part 
overlapping the robust coracoids, whose inner edges meet in a long symphysis. 



The anterior border of the coracoids is somewhat deeply excavated, the 
posterior margin entire and rounded. Its lateral margin is developed into a 
short, stout, and thickened process bearing two articular facettes, the foremost 
for receiving the proximal end of the scapula, and the hinder for the head of 
the humerus. The clavicles are slender curved bones, usually meeting in the 
middle line at the anterior margin of the interclavicle. Their union may be 
either by suture or fusion, or sometimes even by a joint. 

Humerus, radius, and ulna are all short stout bones (Fig. 371), and 
relatively much reduced. The proximal end of the humerus is thickened, the 
distal flattened, and provided with radial and ulnar 
articular facettes, which are remarkable for being 
concave. The remaining bones of the paddle, of 
which the first two rows correspond to the carpus, and . 
the third to the metacarpus, are small and polygonal, 
and usually arranged in a sort of mosaic. There are 
commonly from three to five digits, but as some of 
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the phalangeal rows subdivide, the number of the latter ia occasionally 
increased to eight or nine. As many as 100 phalanges are sometimes present. 
A deep incision ia often observable on the radius and three succeedinj; bones 
of the paddle, the significance of which is not understood. 

The pelmr arch ia weakly developed, and freely suspended in the abdominal 
muscles. Ilium, pubis, and ischium are all long and slender bones, and 
apparently meet at the acetabulum. The femur is short and stout, but 
relatively longer than the humerus, and the rest of the hind paddle practically 
duplicates the structure of the anterior limb. The femur and humerus of this 
order are unique in that, instead of having convex condyles for the articulation 
of the epipodial bones, they present pre- and post-axial concavities for their 
reception (Fig. 271). Impressions of the leathery integument are retained by 
some specimens, as well as of the cartilaginous layer which surrounded the 
phalanges and completed the outline of the paddles. Dermal armour was not 
developed. 
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Family 1. lohthyosauridae. 

fFith the characters of the order. Trias to Cretaceous. 

Mixosauras, Baur. Most of the smaller -sized Triassic remains are placed 
in this genus as distinct from IchthyosaumSy the teeth being in less uniform 
series, and the limbs less completely paddle-shaped. The radius and ulna are 
elongated, and separated by an interstice throughout their length. M. 
comalianus, Bassani, the typical species, varies from 0*5 to 1 m. in length, 
and occurs in the Upper Trias of Besano, Lombardy. M, atamts, Quenstedt, 
is known by fragments from the Muschelkalk of Wiirtemberg. 

Ichthyosaurus^ Konig (Figs. 262-271). Teeth conical and in uniform series. 
Radius and ulna shorter than broad, proximally in contact. Humerus and 
femur with two concaVe distal facettes. Total length of largest forms upwards 
of 10 m. 

This genus is most abundant in the Lias, /. communis and /. intermedins l>eing 
familiar English speciea Localities noted for the excellence of their fossil remains are 
Dorsetshire (Lyme Regis) and Somersetshire in the Lower Lias, and Yorkshire, Cal- 
vados, Wiirtemberg (Boll, Holzmaden), and Franconia (Banz, Altdorf) in the Upper 
Lias ; and the species of the one division are for the most part distinct from those of 
the other. /. communis, intermedius, latimanus, platyodony and tenuirostris are 
especially characteristic of the Lower Lias, and /. acutirostris, ingens, quadricissuSy 
and trigonodon of the upper member. Remains of Ichthyosaurus are sparse in the 
Middle Jura, but a number of species occur in the Upper Jura of Solenhofen and 
Kelheim, Bavaria, Northern France, and England. Cretaceous forms are known from 
England, France, the East Indies, Australia, New Zealand, and ChilL 

OphthalmosauruSy Seeley. Edentulous or with minute teeth confined to 
front of the jaw. Humerus and femur with prominent trochanteric ridge 
and with three concave distal facettes ; all remaining limb bones more or less 
rounded and separated. Clavicles separated. Upper Jura and Lower Creta- 
ceous ; England. 

BaptanodoHy Marsh {Saxiranodoiiy Marsh non Jourdan). Similar to the 
preceding, but completely edentulous. Interclavicle not observed ; digit 
arising from the intermedium consisting of two longitudinal rows of ossicles. 
Coracoids unite in the median line in large elliptical facettes. Upper Jura ; 
Wyoming. 

ShasiasauruSy Merriam. Includes several large species from the Upper 
Trias of northern California. Pelvis very robust ; all but first ten ribs single- 
headed. CymbospondyluSy Leidy, from Middle Trias of Nevada, is imperfectly 
known. 

Order 4. SAUROPTBRYGLA.. Owen.^ 

Primitive aquatic reptiles tvith long neck, lizard-like body, and moderately sJwrt 
tail. Cranium smally with parietal foramen and large supratemporal vacuitiea. 

^ Andrews^ C. W., On Plesiosaurus, Pliosannis, etc. (Quar. Joum. Geol. Soc. vol. XXXVII. p. 440), 
1881.— Also ibid. vol. LIII. (1897), p. 177, and various articles in Geol. Mag. [4], vol. II. (189r>), p. 241 ; 
i*u/. vol. III. (1896), p. 145 ; Ann. Mag. Nat. Hist. [6J vol. XV. (1895), p. 333 ; ihid. vol. XVI. 
(1895), p. 429. — Bassani, F.^ Sui fossili degli sehisti bitiuuinosi triassici di Besano (Atti Ist. Venvto 
ScL), 1886. — Beneden^ P, J. raw. Deux Plesiosaures du Lias inf^rieure du Luxembourg (Mem. Aca*!. 
Rojr. Belg. vol. XL1II. p. 1), 18H0. — Brndtnger^ U. A.^ On a Nothasaurian Reptile referalde to 
Larioeaurus (Trans. Zool. Soc. vol. XIV. p. 1), 1896. — t\q)e^ E. />., On the structure of tlie skull in 
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Investing bones of temporal region forming n single broad arcade ; quadrale fixed. 

Premaxillae not elongated; ^erygoids extensive, meeting along the middle /in*; 
narial openings divided. Teeth conicai, thecodont, 
in singU series along margin of jaws. Vertebrae 
amphiplittyan / sacrum composed of two to four 
vertdrae. Cervical ribs arlieviating ojdy tcilh 
centra, w«wr icUk their arches ; dorsal rUis single- 
headed ; abdominal ribs present between the robust 
limb girdles; no ossified sternum. Limbs more 
or less completely paddle -shaped, pentadadytate. 
Humerus with enieptcondylar foramen, and large 
conical epiphyses ; digits sometimes with svper- 
Humerary phalanges. Dermal armour and sclerotic 
ring not ihvelope.d. 

This reptilian order ranges from the Trias 
to the end of the Mesozoic era. The earlier 
forms are mostly small amphibious animate 
■ \i with slender, elongated limbs, and the later 
ones large-sized and completely adapted for 
a marine existence. 

Family 1. Nothoeauridae. 

%i lAmbs comparatively slender and elongated, 

fl qn mth five digits and normal number of phalanges. 

S Coracoids not mwh extended aiong their median 

H symphysis, and not in coniad wUh tnierclavide : 

" scapulae viell separated by a clavicular areJt. 

Lariosaurus, Curioni {Maeromirosaurus, 

Cur.), (Fig. 272). Body lizard-like, 20-90 cm. 

long, tail forming about one-third the total 

r,o^ jjj^ length. There are about twenty cervicals, 

XaruuKKrifi '«i»«i, ciiiioni Muschri- twcuty-four to twenty-six dorsals, four sacrals, 

S™"do™n.i;^; !^r' '-"'"•"''■- and over forty caudals. Cervical ribs small 

and double-headed ; dorsal ribs very robust, 

and borne directly by the neural arches. A median longitudinal and two 

tliB PlcsLoHBurian ReptilLa (Proc. Amer. Phil. Soc. vol. XXXIll. p. 110), 1894. — Z>OHi«, H"., 
(Abhaudl. preuss. Akail. Wiss. p. 1), 1865. — Dercte, \V„ Ueber Lariosaurus, etc. (Zeitschr. ilenUcli. 
Keol. Gen. vol. XXXVIII. p. 170). USS.—HaKtiiix, T., Uviaain an Iclitbyosauri anil PIcBiowuri 
London, 1834.— Ju/fe, /. W., Aiinirersary Address (Quar. Jouni. Geo). Soc. vol. XXIX.), 18S3. 
Also Proc. Roy. Soc. vol. LI. {lSS2).—Hu^fi/, T. H., On Plesiossunis, elf. (Quar. Joom. Geot. See. 
vol. XIV. ]>. 281), 18&S. — Knight, )('. G.. Some new Jurassic Vcrtabiateii from Wyoming (Amer. 
Jonrn. ScL [4], vol. V. p. 378), 1898. Also ibid. vol. X. (1900), p. 115.— iVfjftr. H. twit, Zur F»nn» 
■ler Vorwelt, pt. II. IiWikfort, 1847. — OiMfl, S., Monograph of the fosul Reptilia of the Liassir 
PonnntioDs, pL III. (Palaeontogr. S<w.), 1865. Also Geol. Mag. vol. VIL (1870), p. 49 ; and Quar. 
Journ. Oeol. Soc. vol. XXXIX. (1883), p. 133.— .S«/f,v, It. ft. The nature of the ahoolder girdle and 
clavicnlar areli in Sauropterfgia (Proc. Rov. Soc. voIn. LI. ]>. 119, and LIV. p. 160), 1892-93. Also 
various Brtieles in Ann. Mag. Nat. Hist. [3], vol. XV. (1865), pp. 49, 232 ; vol. XVI. (1885). p. 352 : 
(41 vol. VIII. (1871) ; Quar. Jonrn. Geo). Soc. vol. XXX. (1874), pp. 187, 436 ; vol. XXXIll. 
(1877), p. 541 ; vol. XXXVIII. (1882), p. 350 ; Ann. Sep. Yorks. Phil. Soc. (1885), p. 20.— Seilat. 
IV. F., On Ple-tiowurus conyhearei (Quar. Jonrn. Gwl. Soc vol. XXXVII. p. 440). 1881.— 
WUUston, S. It"., A new Plesiomur, etc. (Trans. Kansas Acad. Sci.), 1890. 
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paired lateral aeries of abdominal ribs present. Proximal tarsals consisting of 
two large elements, the distal five each supporting a digit ; phalangeal formula, 
6' 2, 3, 4,jK, 3. Hind limb longer and stouter than the anterior, but otherwise 
very similar ; phalangeal formula 2, 3, 4, 5, 4. Palate with suborbital and 
infratemporal vacuities, but no interpterygoidal. Middle Trias ; Lake Como, 
Italy. 

Paehypleura, Cornalia (Neusiicosaiinis, Seeley). Similar to the preceding 
but smaller (25-30 cm. long), with much shorter neck ; about sixteen cervicale 
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and forty caudals. Upper Trias (Uaibl Beds) ; Besano, Lombai-dy, also Letten- 
kohle of Hoheneck, near Ludwigsburg. 

DadylosaiiTWyQiiTich; Anarosaurus, Da.mea; t'i/matosaurvs,DameB. MuscbeJ- 
kalk ; Silesia and Thuringia. 

Nblhosaurus, Miinst. (Figs. 273277). Dbtinguished from Lariosaurua by 
its larger size, closure of suborbital vacuity in the palate, and presence of short 
and Btout transverse processes on neural arches of dorsal vertebrae. 

The skull is elongated and eomewhat contracted anteriorly, attaining a length of 
35 cm. in the typical speciea. The supratemporal vacuities are very large, the UJi- 
paii«d parietal being reduced to a narrow bar, pierciid posteriorly by a parietal 
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foramen. The orbits are oval, relatively Bmall, and placed slightly in front of the 
middle ; not £ar removed from them are the ext«nial nans. The unpaired frontal Li 
much elongated, the piemaiiUae only moderately eo, and the prefrontals are email and 
triangular. The long and narrow maxillae unite posteriorly with a slender jugnl. 



Solliotaanu MiraMlir, Hiiiiit. Uiischflkilk ; Bayreuth, Uerrtuuy. A, Tin flv« untcTfomrtinlK. 
B, Two donulh. C, Three cmidal virUbne, l/j (after vuii M«]i<r> 

which entei« into the temporal arcade. Plerygoids and palatines are strongly 
developed ; the internal nares are placed far forwards, on either side of the paired 
vomer. A single series of conical, slightly curved, and striated teeth (Fig. 27S) ia 
borne by the maxillae, pre. 
maxillae, and dentor;-. All of 
the roHtral and one or two of 
the anterior inaiillary teeth are 
considerably enlarged. 

Owing to the siitural union 
between the vertebral centra and 
their neural arches, the former 
are unimlly found detached in 
the fossil state, and exhibit a 
cruciform iinpr««ion on the 
\ dorsal surface (Fig. 275). There 
are about twenty cervicals (Fig. 
276), all of which excepting atlas 
and axis bear short, curved, 
double-headed ribe. The ribs of 
the trunk region arestout, single- 
headed, anil attached to the trans- 
verse processes of the neural 
Fin. 277. arche»!. In tliU re^on the 

XoiiiiMtunii mirabiiu. HUnxt. Huwheikalk: tiiyiviitu, Oti- neural spines are more stronglv 
S,i"^Vu™Itt^.K iT^pui."''' ''" "' *^"'"='*- ""■ ^^^ developed, and the zygapophj-s^ 
more weakly, than elsewhere in 
the vertebral column. The caudal vertebrae have single-headed riba attached to their 
centra, and also small chevron bones. The abdominal rilm comprise a median longi- 
tudinal series sharjily I)ent in the middle line, and a paired lateral seriee. 

In the pectoral arch (Fig. 277) the clavicles are well developed, and form a w^lar 
arch into which a small, oval interclavicle enters. Tlie ends of the clavicular areh are 
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Buturally united with a pair of stout scapulae, which develop oblique dorsal processes. 
The coracoids are not much extended in the median line, and their antero-intemal 
margin is notched and incomplete ; apparently the space between them and the 
clavicular arch was filled during life by cartilage. The humerus is moderately long, 
curved, and very robust ; it is pierced distally by an entepicondylar foramen. Radius, 
lUna, and metacarpals are likewise rather long and slender, the paddle-shaped form of 
limb being not yet fully acquired. 

The bones of the pelvic arch are robust, and owing to their loose articulation, 
usually occur detached in the fossil state. The ilium is very short and stout, some- 
what expanded distally, and provided with two articular facettea Pubis and ischium 
are both of lai^ size, narrowed and thickened at the acetabulum, and distally ex- 
panded ; a small obturator foramen persists in the pelvis. The femur is longer and 
more slender than the humerus, nearly rectilinear, moderately thickened at the 
extremities, and with roimded articular faces. The remaining bones of the hind limb 
are imperfectly known. 

Nothosatirus is an exclusively Triassic genus, and occurs most abundantly in the 
Muschelkalk of Southern Germany. N. mirabilis, Miinster, is the typical and best- 
known species, attaining a length of fiilly 3 m. Smaller species are known from the 
Buntsandstein and Lettenkohle. The so-called Patthanosaurus, Skuphos, from the 
Raibl Beds of Vorarlberg, is doubtfully distinct. 

Conchiosaurus, v. Meyer. Muschelkalk ; Esperstadt, Brunswick. 

SiniosauruSy v. Meyer. Skull broad and depressed, with obtuse snout. 
Teeth short, obtusely conical or clavate, the crown strongly striated. Muschel- 
kalk and Lettenkohle. 

Pistosaurus, v. Meyer. Known only by the skull, which tapers anteriorly, 
and attains a length of 35 cm. Premaxillae elongate and slender, the small 
narial openings placed between them and the maxillae. Nasals greatly 
reduced and displaced posteriorly. Palate with an unpaired vacuity between 
the premaxillae. Muschelkalk ; Franconia and Silesia. This genus is made 
by Baur the type of an independent family. 

Family 2. Plesiosauridae. 

Limbs paddle-shaped, hones of second segment much shortened^ and tlie five digits 
elongated by supernumerary phalanges. Clavicular arch tending to diminish in size 
as the scapulae increase, the latter sonutime^ becoming fused with each other and the 
coracoids in the median line. Coracoids much extended along median symphysis^ 
and uniting with either the scAxpular or clavicular arch anteriorly. Sclerotic plates 
present. Trias to Cretaceous. 

PlesiosauruSy Conyb. (Figs. 278-280). Head small, neck very long, tail of 
moderate length. Snout not elongated, orbits elliptical and placed near the 
middle of the skull, supratemporal vacuities large, irregular. External nares 
small and close to the orbits. Postero- lateral angles prominent. Inter- 
pterygoidal and posterior palatine vacuities small. Mandibular symphysis 
short. Teeth acutely conical, longitudinally grooved; anterior ones some- 
what enlarged. Coracoids meeting in a long symphysis, scapulae separated 
by a well-developed clavicular arch. 

The number of cervical vertebrae varies among the different species between thirty 
and forty. The centra are but slightly biconcave, and united to the neural arches 
by suture ; the marks of their attachment form with the neural canal a cruciform 
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impresaioii on Uie dorsal aide of the centra. With the exception of atlw and sxiis, all 
the cervicals bear abort, double-headed ribs, attached directly to the centra. There 
are about twenty doiaal vert«bra« with well-developed transverae procMs^ and aingle- 
headed ribs. The two sacral vertebrae are characteriBed by having Bomewhat shorter 
tranaverae proceaws and broader ribs than the rest There are between thirty and 
forty caudala, moat of which bear short, single-headed ribs articulated with their (intra, 

and chevron bones whose 

t^',/^-^^.-^-- ^\^„,i^ij. '%•'* ^n'i l«f* halves do not 

J V/ fuse below. The abdominal 

■' ribs are very robust, and 

consiat of a median and three 

-paired lateral seriea. 

In the pectoral arch (Fig. 
279} tho coracoids are char- 
acterised by their large size, 
being considerably longer 
than broad, and joined in 
a long median aympbyaia. 
There is no stemum, and as a 
rule no separate interdavicle, 
but the clavicular arcli ia 
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represented by a single, broad, bihiteraUy ayminelrical bone to which the coracoids and 
scapulae are firmly united. The latter are somewhat extended ventrally underneath 
tJie clavicular arch, but do not meet in the median line. 

The humerus is robust and distally mucli expanded, but without epicondylar 
foramen or groove. This bone and the femur are noteworthy aa exhibiting large, 
conical epiphyses, similar to those of frogs and certain (l^eloniana. The radius and 
ulna are both a little longer than broad. Four elements are usually present in tJie 
proximal, and three in the distal row of the carpus ; the five constricted metacarpals 
are similar in form to the phalanges. The phalangeal formula is inconstant, but the 
third and fourth digits are always the longest, sometimes comprising as many as nine 
phalanges. The hind limb ditfent in no respect from the fore, except that it is slightly 
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stouter. Probably both were invested with a cartilaginous membrane, aa in Ichthyo- 
»aur& The pubes are relatively large, witli convex aut«rior and notched posterior 
nargin, but not pierced by a foramen. Tliey meet, as do also the much smaller iachia, 
in a long median symphysis. The 
ilium is slender, and articulated only 
with the ischium. 

Several nearly perfect skeleUtne of 
Plesiaiaarua are knowni from the 
Lower and Upper Lias of England 
and (lermany, and supposed fragments 
are knowii from the Rhaetic The 
typical Bjwcies, P. dolichoddritt, Cony- 
beare, from the Lower Lias of Lyme 
Regis, England, attains a total length 
of 3 ni. Other species from the same 
locality are P. havikinin, P. Toitratim, 
and P. macroctjthalut, Owen ; and P. 
conybearei, Sollas, the latter sometimes 
attaining a length of 5 m. Beautiful 
skeletons are preserved in the British 
and Berlin Musenuuj, Several North 
American species have been referred 
to this genus. 

Erelmosaums, Seeley. Cora- 
coids truncated anteriorly, and not 
extending in front of the glenoid 
cavity for the humerus. Scapulae 
extending downward and inward 
so aa to become fused with each 
other and also with coracoids in 
the median line. Clavicular arch j^a 
degenerate. Lower Lias; Eng- sW^' 
land. 

liliomaleosaurits, Seeley, H. 
eramploiii. Carte sj). Colr/mbosaurus, 
Muratiwsattras, Seeley. Upper 
Jura ; England. 

Cryplodidus, Seoley. Reaenibles 
Piesiomiirus, except that the libs S 

are all single -headed, and pectoral fi 

arch is like that of Erdmomufiis, H 

A'/usHW*a iwrw, etc. Upper Jura; ki.i -w) 

England. ,.,..,■„,„„„, Mi,^„,„S, C^^yb. I-,w.r I.i.,: Lym. 

Cimolitisuiiras, OUgodmns, Brimo- I5^;;,„'^"""'""- '""■'*'""■ "■'"™' "P"''- ''la <»'''' 
saurus, Leidy ; Piptotn^rus, Oropho- 

saunis, EmhaphiaSy PolyeoUjlns, Uwiiautes, Cope ; Trinacromeram, Cragin ; Maut- 
saunts. Hector. These genera from the Upper Cretaceous of North and South 
America and New Zealand are for the most part yet insufficiently characterised, 
and include very diverse forms. The first-named is also European. 

Pliosauras, Owen (Isrhi/rodoii, Thaumatosaaras, v. Meyer ; Pdoneasles, Lydd.; 
LiopUurodon, Sauv.), (Fig. 281). (ligantic Plesiosaurs with relatively large 
VOL. II X 
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head and abort neck. Skull depressed and narrow, attaining a length of 

1'3 m. Internal nares remotfily situated, mandibular symphysis considerably 
extended. Margin of upper jaw on either side with a series 
of about thirty powerful carinated teeth, sometimes 25 cm. 
long ; the crown traversed for a portion of its height by 
strong elevated ridges. About twenty very short cervicsis 
with double-headed ribs. Limb girdles similar to those of 
Pksiosaiirus. Lias to U])per Jura ; England, Northern France, 
Switzerland, Bavaria, Russia, and India. 

Mtgatneusaurus, Knight. ' Largest known Plesiosaur, the 
humerus attaining a length of 1 m., or about one-half the 
length of the entire fore-limb, and articulating only with 
the radius and ulna. The latter bones are polygonal and 
closely applied against each other and the three proximal 
carpals. Coracoids produced in front of the glenoid cavity ; 
vertebrae elongated. Upper Jura; Wyoming. M. rex. 
Knight. 

ElasmosavTus, Cope (Fig. 282). A skeleton in Philadelphia 
lacking the head exceeds 13 m. in length. The seventy-two 
cervicals are longer than deep, and b^r short, single-headed 
ribs. The neural arches are all fused with their centra, but 
the chevron bones are articulated with the caudals. Pectoral 
arch similar to that of Cri/ploclidus. Limbs and greater part 
Fio 261. °^ ^^^ skull unknown. Upper Cretaceous ; Kansas. 

piiojHi.rui uranrfu, Dolidwrkynchus, Willist. Head long, snout very slender ; 

*lrit"' itow"wn! mandibular symphysis much elongated ; teeth small, numerous ; 

looih, i/( (utter vomers very long; posterior nares small, included between 
""" vomer and pala- , 

tines; no posterior palatine fora- 9 

mina ; pterygoids contiguous only 

at extremities. Neck shorter than 

head ; cervical ribs single-headed ; 

axis with ribs; nineteen cervicals 

and about thirty dorsals are pre- 
sent ; tail very short, conical. 

Clavicular arch complete, the 

clavicles articulating with the long 

precoracoidal process. Ischium 

elongate. Humerus and femur 

moderately expanded ; three pro- 

podials. Known by a nearly com- Ki^„^^Z^i^r,.,.c.v 

plete skeleton about 3 m. in length upper creiadeuus ; Ktnnu. *^"- ^*'- 

i .LTVT-i r^i t Pectoral arch, shaded parte I'olvptyrltoilifm *■(*»-- 

from the Niobrara Cretaceous of i^Btoiwi; gr«ti>-rediiced. ror, nipiu'; owen. c«no- 

PolyptychodoH, Owen (Fig. 283). 
Imperfectly known, teeth resembling those of Pliosaunu, but with more 
prominent coronal ridges, some of which extend to the apex. Middle and 
Upper Cretaceous ; England, Germany, and Russia. 
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Order 5. THEROMORPHA. Cope. (Anomodontia, Seeley, non Owen,) ^ 

Primitive land reptiles with more or less biconcave vertebrae and limhs adapted for 
hahUual support of tlie body. Investing bones of temporal region either forming a 
continuous shield or contracting into a single broad arcade, sometimes irregularly 
perforated. Quadrate fixed, often reduced in size. Pineal foramen present. Teeth 
thecodont, occasionally toanting. Pectoral arch with well-developed epicoracoids 
(precoracoids), clavicles, and T-shaped interdavicle, besides scapulae and coracoids. 
All the elements in both limb girdles either fused or imm/yvahly united by suture. 
Humerus with entepicondylar foramen and prominent detto-pectoral crest. Extremities 
pentadadylate. Sacrum consisting of two to six vertebrae ; anterior ribs completely or 
imperfectly double-headed, abdominal ribs wanting. 

Many widely dissimilar characters are exhibited by the various groups of 
ancient reptiles, which have received the general designation of Theromorpha, 
in allusion to thefir resemblance in certain skeletal peculiarities to the lowest 
mammals (Monotremata). They are also often called Anomodonts, on account 
of their remarkable dentition. There can be no doubt that these creatures 
occupy an intermediate position between the highest Labyrinthodonts, such as 
Mastodonsaurus, and monotreme mammals ; and it is altogether probable that 
from amongst some of their number with one robust zygomatic arch and 
triconodont teeth, the Mammalia arose. 

Theromorphous reptiles represent not only a transitional stage between 
mammals and amphibians, but they form a collective group, uniting in them- 
selves characters that are elsewhere found distributed amongst various 
subdivisions of both reptiles and mammals. No other reptilian order has 
the three elements of the pelvic arch on each side fused into an innominate 
bone, as in mammals. The intimate union of the bones of the pectoral arch is 
paralleled among the Sdlamandridae and Sauropterygia ; and the sacrum, formed 
sometimes of a number of vertebrae, resembles that of Dinosaurs and mammals. 
The differentiation of the marginal teeth into incisors, canines, and molars, and 
the occasional development of a strikingly mammalian form of limb {Therio- 
desmus) and a tripartite or even dicondylic basiocciput (Cynognathus), are 
significant characters. A distinguishing feature between this order and 
SqvLam^ta is the fixation of the quadrate; and the absence of a lateral 
temporal vacuity, with an arcade above and below, distinguishes it from all 
other Archosauria (Rhynchocephalians, Dinosaurs, Crocodiles, and Pterosaurs). 

The term Anomodontia, although restricted by Owen to the group of 
Dicynodonts, is made synonymous by some authors with Hieromorpha, or 
Theromora, as they are sometimes called. 

* Literature : 

Cope^ E. />., The Reptilian order Cotylosauria (Proc. Amer. Phil. Soc. vol. XXXIV. p. 436), 1896. 
—Rid. vol. XXXV. (1896), p. \22.—NeiPtfm^ E. T., Some new Reptiles from the Elgin Sandstone 
(PhiL Trans, vol. CLXXXIV. p. 436), 1893.— Omwi, R., On Dicynodon (Trans. Geol. Soc voL VII. 
p. 59), 1845. — On some Reptilian fossilH from South Africa (Quar. Joum. Geol. Soc. voL XVI. p. 49), 
I860.— /6w?. vols. XXXII. (1876), p. 95 ; XXXVI. (1880), p. 414 ; XXXVII. (1881), p. 261 ; and 
XL. (1884), p. 146.— On Dicynodont Reptiles (PhU. Trans, vol. CLII. p. 442), 1862.— Catalogue of the 
fossil Reptilia of South Africa in the British Museum. London, 1876. — Seeley, H. O.y Researches 
on the Anomodont Reptiles and their allies (Phil. Trans, vol. CLXXIX. p. 69), 1888.— //«rf. vols. 
CLXXX. (1889), p. 215 ; CLXXXIIL (1892), p. 311 ; CLXXXIV. (1893), p. 488 ; CLXXXV. (1894), 
p. 987 ; and CLXXXVL (1895), p. 59. Also Ann. Mag. Nat. Hist. [7], vol. I (1898), p. 164, and 
Qnar. Joum. Geol. Soc. vol. LVL (1900). 



Sub-Order I. PABEIA8AUBIA. Seelay. {ColyUmvria, Cope.) 

Head completely covered b</ a bony roof ; parUlal foramen large ; narial openings 
separate. Marginal teeth arranged f« a more or leas uniform series. Fertebral 
centra pierced for Ih^ persistent noiochord. 

The skeletal characters of this group proclaim a very close relationefaip 
with the higher Labyrinthodont Amphibians. In the typical genus, Pareia- 
saurvs, the external bones of the skull are sculptured, but no true mucous 
canals have been observed. 

Family 1. PareiasaurldEie. Cope. 

Teeth conical, or with compressed, cuspidate crount, those on the margin of the jaws 
arranged in dose retivlar series. Smaller teeth vsualltf present on paiaiines, pten/goidf, 
and vomers. Peine hones fnsed in the aihdt. Limbs short and stout. Permian 
and Trias. 

Pareiasauias, Owen (Fig. 284). Known by tolerably complete skeletonii 
over 25 m. long from South Africa and Northern Russia. Skull broad, 
depressed, and triangular in form, the external bones coarsely sculptured, but 
their sutures not clearly distinguishable. Orbits relatively small, laterally 



htnUw<.ir«> h.:Ui, Stfli'y. Kuruo K'.niiati™ (i'eniiiiii -r Trim) : Tniiibor FouWn, Csp* Colony. 

placed. Occipital condyle slightly indented. Bones of the palate fused, and 
bearing several series of small teeth. Tbere are about eighteen presacral 
vertebrae, each with a deepened articulation for the single-headed ribs. 
Small intercentra occur between all the dorsal vertebrae j the four sacrals 
are not fused. About thirty caudal vertebrae, the anterior ones with short 
ribs, and nearly all with neural arches and chevron bones. Scapula very 
long, like that of Dinosaurs. Coracoid small and subrectangular, epicoracoid 
narrow and triangular ; clavicles robust, meeting in the middle line and resting 
on the front border of the large T-shaped interclavicJe. A supraclavicio also 
said to be presetit on each side. Humerus short, massive, expanded at the 
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ends ; epicondyiar foramen noi observed. Ulna very stout, with prominent 
olecranon process. Pelvic bones massive, coiiasified ; acetabulum closed. 
Hind limb slightly shorter than the fore, aud digits rather smaller ; the five 
ungual phalanges clawed. P. homUfrons, P. serrideiis, Owen ; P. baini, Seeley. 

f Tapinocephatus, AiUkodmi, Owen. Karoo Formation ; &uuth Africa. 

Elginia, Newton. Known only by the skull, which is about 15 cm. long, 
triangular, coarsely sculptured, and provided with a number of paired bosses 
and spinous or horn-like defences. These occur along the posterior and lateral 
margins, and on the parietal, frontal, and nasal elements. Teeth with slightly 
constricted base and serrated crowns. Supposed Trias of Elgin, Scotland. 

Procohphon, Owen (Fig. 2S5). Skull about 5 cm. long, short and tri- 
angular, not externally sculptured. Orbits greatly enlarged, and temporal 
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l«i. Parietal ; pi". Pineal (branieii : pi, Pnlnlina ; fvu. Pirtninllta ; (ir/, Prefrontal : fl. Pteryanul ■, ii(«u, 
..^ ^,. py. poirtfrontal; (do. Pmtorbllal; n^, QuaiJraloJuHal ; ^u, giuaraW; <(, Siij.ral'iiipo™! or 









arca<le pierced by a slight vacuity. Teeth conical; a series of minute teeth 
present on vomer and pterygoids. Interclavlcle T-shaped, with elongated 
arms ; epicoracoid notched. Karoo Formation ; South Africa. 

.^m/orfwwMM, Seeley. LowerTrias; Switzerland. ? Phaiierosaiinis, v. }Aeyer. 
Permian ; Saxony. 

Family 2. Paiiotlohidae. Copv. 

Teellt m mare than one series in one or both jaws, and teith cyliiidric Tools ; 
vertebrae ossified. Permian. 

Olocoelus, Cope. Skull about 12 cm. long, externally sculptured, but 
without bosses. Dorsal carapace consisting of a aeries of twelve or more 
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transversely elongated bands of bone alternating with the ribs. Permian ; 
Texas. 0. tedudineus. Cope. 
. Pariotkhus {Ectocyiwdofi), Isalectes, Pantylus, Hypopnons, Cope. Tejtas. 

Faiiiilf 3. Dladectidae. Cope. 

AiUericrr teeih obtusely conical, IKe oilier marginal leeth laterally erjmndfi}, toUh 
tumid bases and inner and ouler mtsps of itneqiial height. Vomer with mimite teeih. 
Basioccipital loosely articulated. Permian. 

Empedias, Cope {Empeilocles, Cope). Skull triangular, 50 cm. long. Sacrum 
of two vertebrae ; pelvic bones fused. Permian ; Texas. 

Diadectes, ChUonyx, Bolltoden, Cojm. Permian ; Texas. 



Sub-Order 2. THEBIODONTA. Owen. (Vijiwdoniia, Owen.) 

Investing bones of temporal region cuHlrading into a single broad arcade, sometimes 
irregiUarly perforated ; supratemporal vacuity large, quadrate snuill. External bones 
not sculptured. OceipUal coiuiyle hUobaie ; pranaxiUae separate ; marginal teeih 
differentiated into incisors, canines, and molars. External nares terminal, separate, 
or undivided; internal openings displaced Itackwards, omng to development of secondary 
palate. 

The skull of Theriodonts is remarkably similar in form to that of car- 
nivorous mammale, and the 
dentition exhibits modifica- 
tions unusual among reptiles. 
The mandible bites within the 
upper jaw, and the lower 
canines cross in front of the 
upper ae in mammals. Owing 
to the development of a 
secondary or false palate by 
plates from the maxillae and 
palatines, the opening of the 
internal nares on the roof of 
the mouth is displaced back- 
ward, as in crocodiles and 
mammals. An approach to 
the dicondylic condition of 
the mammalian skull is also 
frequently observed. The 
skeleton of the trunk and 
limbs is imperfectly known. 




; Itesiitolai 
uligbtlj' raatcml, from IMcml iA\ wilt 

yo^ MiKi iiuiicriur \t.j MpMti, '/j. ll. Pfflltsrlor tOOth, BuIllVP 

N.Orhil; fto, bmiiowipital ; ' " -.-^ •.- ---■ 

M»nrliljl»; va. Mmilla ; 2f. __. .. . 
jin, rarlrlal ; prj, FrernmUl ; pi, Merjuoit 



Family 1. Oalesauridae. 
Lydekker. 



.(««irrw, Ow™. 
South AMat. Mkull, Kligbtl]' i .... 
■- ■ ■ — MpMt^ Vs- 

•■ ■ ■ ■ ■ ■ - • i'alalal leeth titstifHtficanl 

wanting; external narial 
openings confluent or separated ; limb tones slender. Trias. 

Giilesaurus, Owen (Xythosaurus, Owen), (Fig. 286). Known only by the 
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skull, which is lees than 10 cm. long, and has the nares divided by a median 
septum. Four incisors above and three below, with one canine and a number 
of tricuapidate molars in each jaw. Karoo Formation ; South Africa. 

LycosOMTUs, Owen (Fig. 287). Like the preceding, except that the molari- 
form teeth are all simple cones, though more or less compressed and with finely 
serrated edges. There are about 
five of them on each side above 
and below. Karoo Formation ; 
South Africa. 

AeluTosauTUS, Owen. Differs 
from Lj/cosawrus in having small, 
pointed teethirregularlygrouped 
on anterior half of the palate. 
Same horizon. 

Cifriagnttthus, Seeley. Skull 
remarkably mammalian - like, 
about 40 cm. long, with divided 
nares and two prominent convex 
condyles below the foramen ^n, .^j, 

magnum, composed chiefly of /.„»w,ur7u cun-iiwlii, Owen. Kiroo Fonnstlon : Kutnbers, 

the exoccipitals. There are j*;'^,.^"!^"^- ak„ii, ut*™i a9p«t, i/^ «, orbit ; 6, mai.dibU 
four BBrrated incisors in the 

upper and three in the lower jaw ; and one canine and nine molars above 
and below on each side. Six cervicala, eighteen dorsals, five lumbars, and 
three or four sacrals. Accompanies the preceding. C. cralerOTWlus, Seeley. 

Cynoekampsa, Cynodraeo, C'ljmsvchus, Gorgomps, Tupisuehus, Owen. Founded - 
on more or less imperfect remains from the Karoo Formation of South Africa. 

Family 2. Deuteroaauridae. Seeley, 

Canines large, with serrated anterior and posterior margins ; no palatal teeth. 
Sacrum of tvn anchylosed vertebrae. Ribs double-headed. Scapjtla fiat ; ilium not 
produced anteriorly ; acetabulum dosed. Permian ; Russia. 

Deuterosaums, Eichw. Skull with a median crest; incisors large and 
transversely compressed. Lachrymals greatly developed ; quadrate large ; 
scapula distally expanded. 

lihopiUodon, Fischer. Like tbe preceding, but with serrated incisors, and 
lanceolate molars behind the canines. Supratemporal vacuity very small; 
sclerotic ring present. 

The fragmentary remains described as Brilliopus, Ortkopus, and Syodon by 
Kutorga, and Dinosaurus by Fischer, are probably identifiable with the above 
geoera, which they accompany. Glicyrhi^oilon, Twelvetrees, is of uncertain 
position. 

Family 3. Tritylodontldaev Cope. 

Snout broad and obtuse. A pair of larffe incisors or canine-like teeth in front, 
apparently growing from a persistent pulp. Molariform teeth bearing two or three 
■ Imgiliidinal series of tubercles. Posterior Tuires remote, and roofed over by secoiulary 
palate. Quadrate reduced. Trias. 
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This family is regarded by Seeley as typical of a distinct order of reptiles, 
Gomplwdontia, and ancestra] to mammals. 

Tri/f/lodffn, Owen (Fig. 288). Known by small, decidedly mammalian-like 

crania. Karoo 
Formation; South 
Africa. 

Gomphognathiu, 
Diademodon, Mi- 
crogomphodoii, Tri- 
rachodon, Seeley. 
The first-named 
baa a double 
occipital condyle, 



''"'•™- Hbhenbeim, Wiirt«.i- 

rrilylodoii tongaerat, Owfo. TtIks; TnhiMjhow, BMUtol«ii.[, South Afria. bere. Upiier inular. 

Skull ham superior and |«lnUl uj^ts, y, (nfWr Uwei.). Vl "d '/l <»"" »^">- 

and its single zygomatic arch resembles that of mammals. Theriodesmus, 
Seeley, is known by a remarkably mammalian-like fore-limb and manus. 
Karoo Formation ; South Africa. 

Triglyphus, Fraaa (Fig. 289). Known only by minute teeth from the Upper 
Triassic Bone-bed of Hohenheim, near Stuttgart. 

Sub-Order 3. AHOUODONTIA. Owen. ' {Bkynodtmtia, Owen.) 

Inveding boiiei of temporal region coniraeting into a single broad arcade, formed 
principallif by Ihe eiwrmously developed sjuamosai. External boms not snUpiured ; 
supratemporal vacuilij large; quadrate small; premaxillae fused; external nares 
separated. Jaws edenlvious, or with a siitgle pair of tusk-lUe teeth in the maxillae 
set in deep alveoli and ffrowing from persistent pulps. Cervical r^s double-headed, 
dorsal single-headed. Sacrum of five or six vertebrae. 

The AnomodontB or Dicynodonts are mostly large terrestrial reptiles of 
Triassic age, of which no complete skeletons have yet been discovered, but 
numerous crania, vertebrae, and other fragments are known from South Africa, 
East India, Ural, and Scotland. 

The vertebral column consista of seven or eight cervical, twelve or thirteen 
dorsal, five or six sacral, and about twenty caudal vertebrae. The centra are 
short and slightly amphicoelous. Double-headed ribs are borne by the cervical, 
and single-headed ribs by the dorsal vertebrae. The cranial sutures (Fig. 290) 
are frequently obscure and difficult to determine. The brain cavity is very 
small and the surfaces for attachment of the muscles of the jaw unusually 
large. Oii either side of the upright occiput is an enormously developed 
squamosal, which foi'ms the greater part of the single temporal arcade, and is 
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fused with the small quadrate below, A foramen is enclosed by the parietale, 
which are small, and sometimea much reduced. The frontal and prefrontal 
form the superior border of the orbit, and the maxilla, lachrymal, and pre- 
frontal the anterior. The orbits are laterally placed in about the middle of 
the skull, and in one genus {Ptychogwiihus) traces of a sclerotic ring ha%'e been 
observed. A narrow, curved bar, the 



postorbital, separates the orbit from 
the Bupratemporal vacuity, and the 
lower orbital boundary is formed by 
the maxilla together with a very 
massive jugal. 

The nasals are steeply inclined 
toward the front, and form with the 
unpaired premaxilla a sometimes elon- 
gated rostrum. Small internasala are 
occasionally present below the anterior 
nares, which are placed laterally at the 
junction of the nasals, lachrymals, and 
premaxillae. The oral border of the 



J" 






.«rb«rfr^, Chik Colon; 



/u. Jiigsl; mi, )fiiill»; N, Eitenml natial oi'ieiiliig; mi, fla^l ;'pi 



latter forms a sharp, cutting edge, and was probably sheathed during life of 
the animal by a corneous layer, as in Ghelonians and Aves. A pair of 
powerful, decnrved, tusk-like teeth, one on each side, is developed by the 
maxillae, and the deep alveoli in which they are seated are indicated by an 
external folding of the plate. Even among toothless forms alveoli are present, 
but are occupied by osseous substance. 

The basioccipital is short and takes jwrt in the occipital condyle. In front 
of it on the lower side (Fig. 291) is placed a subrectangular basisphenoid which 
joins the very large pterygoids. The latter meet in the middle line, but leave 
a small interpterygoidal vacuity behind the narrow vomer. The baekwardly 
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directed internal nares are scarcely if at all covered by a secondary develop- 
ment of the palatine plates. The mandible is without a coronoid process, and 
the rami are fused at the symphysis. Their oral 
borders are sharp, and were probably once encased 
in horn. 



i, Jugal : nu, MaiilU; ] 






The Bcapula is a very long bone, similar to that of Monotreme mammals. 
It bears an acromial process and is attachedby its proximal end to the cora- 
coid and epicoracoid. The humerus 
is short and excessively stout, with 
an entepicondylar foramen ; ulna 



li/n-liisiunit roSHXiu, Owen. Ksnw Foni 
Ciipe Colony. Venlml Mpect ot siiemni a 
hair t,t pefvlH. It, tlluiii ; Uci, luhlur 



and radius are separated. In the pelvic arch the three elements of each"aide 
are fused into an innominate bone which joins its fellow in & median 
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symphysis. The femur and cms are somewhat longer than the corresponding 
bones of the fore-limb. 

Dicynodon, Owen (Figs. 291, 292). Skull attaining a length of 0*5 m. 
Transition from parieto-frontal to nasal region gradual ; maxillae with a pair 
of tusk-like teeth. Abundant and represented by over a dozen species in the 
Karoo Formation of South Africa. 

Oudenodon, Owen. Like the preceding, but toothless; possibly referable 
to females of Dicynodon, 

Ptychognathus^ Owen {Lysirosaurus, Cope), (Fig. 290). Frontal and nasal 
regions sloping at a sharp angle from top of the skull. Smaller than 
Dicynodon, which it accompanies. 

Gordonia, Newton. Form of skull similar to Dicynodon, but much smaller, 
with more delicate bones and diminutive teeth ; premaxilla nearly vertical. 
Supposed Trias of Elgin, Scotland. 

Geikia, Newton. Resembling PtychognathuSj but toothless. Elgin Trias. 

EurycarpuSy Seeley (Fig. 293) ; Keirognathus, Seeley ; Theriognathus, Titano- 
suehitSj Platypodosaurus (Fig. 294), Owen. All founded on fragmentary remains 
from the Karoo Formation of South Africa. 



Sub-Order 1 PLAOODONTIA. von Meyer.^ 

Bones of temporal region forming a single broad arcade ; supratemporal vacuity 
large, opening superiorly; orbits and external nares laterally pUued ; the latter 
separate and remote. Palate mth a paired longitudiiud series of pavement teeth, and 
similar ones present in single series on the dentary. Anlerior teeth above and below 
eylindro-conical ; maxillae with a series of depressed, conical, or molariform teeth. 

Placodonts are remarkable for their peculiarly modified dentition, which is 
unparalleled among reptiles. The pavement-like crushing teeth of the palate 
and lower jaw attain considerable size, and exhibit flat or slightly arched 
crowns, usually dark -coloured, and smooth or finely wrinkled. They are 
replaced by successional teeth developed beneath them. 

The skull is similar in form to that of Dicynodonts and certain Therio- 
donts ; and as in these groups the temporal and jugal arches unite to form a 
single, broad, bony arch across the postero-lateral region of the cranium. The 
quadrate is fused with the squamosal and jugal, and exposes a prominent 
transverse condyle. On the under side the palatines and pterygoids unite to 
form an extensive bony palate for the support of the pavement teeth. The 
internal nares are placed far forwards, but the external openings and orbits 
occupy similar positions to those in Uicynodon, Of the rest of the skeleton 
nothing is known. The detached teeth were for a long time confounded with 
fishes, until their reptilian nature was demonstrated by Owen. All the 
remains are from the marine Trias of central Europe. 

Placodus, Agassiz (Figs. 295, 296). Skull not much longer than broad, 
superiorly arched, the snout somewhat produced. Premaxillae and symphysis 
of lower jaw with eylindro-conical incisors. On either side of the palate and 

* Literature : . 

Meyer, H.von, Unterkiefer von Placcxlus aiidriani (Palaeontogr. vol. X. p. 59)» 1862. — IhiiJ. vol. 
XI. 1863. — M'dnster^ O. von, Ueber einige ausgezeichnete fossile Fisehzahne aus tlem Musclielkalk 
bci Bayreuth. 1830. — Uelwr Placodus rostratus (Beitrage ziir Petrefaktenkunde, pt. 4), 1843. — 
O/nrn, /?., Description of the skull and teeth of Plarodus laticeps (Phil. Trans, vol. XLIX.), 1858. 
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on the dentary are three large rectangular pavement teeth ; maxillae with a 
single series of depresBed, conical teeth. Detached teeth are abundant in the 
Muschelkalk of Southern Germany and France, rare in the Wellendolomite 
and Alpine Keuper. 

Cijamodus, v. Meyer. Skull triangular, snout much compreseed. Supra- 
temjjorai vacuity elongated oval, nearly three times as large as the orbits, 



H.cr..(Bj fig,;. Ak. MuKhelluDi ; Bayrei 
iknll, 'L (V Oral, mid l>, iKWral ii>|i*cta of ii 



which are placed in anterior third of the skull. Anterior nares small, 
separate, nearly terminal. On either side of the palate are placed two or 
three rounded or elliptical-crushing teeth, the hindmost at least twice the size 
of the anterior. Muschelkalk ; Bavaria. C. wslraliis, MUnster sp. 
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Bcinge and Distribution of the Theromorpha. 



Divisious. 


Permian. 

Europe. N. America. 


Trias. 


Europe. 


8. Africa. 


I. Pareiasaubia. 

1. Pareiasauridae . 

2. Pariotichidae 

3. Diadeetidae 

II. Theriodontia. 

1. Oalesauridcte 

9 

2. DetUerosauridae 

3. Tritylodontidae . 

III. Anomodontia 

IV. Placodontia 


1 
1 


1 

1 
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1 
• 
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Order 6. OHBLONIA. (Testvdinata.) ^ 

Reptiles of stout and wide form of hody^ encased in a more or less complete 
bony ^leU. Quadrate immovably united to the cranial arches. Jaws toothless, hut 
covered with homy sheaths ; premaxillae very small, palate completely closed by junction 

' Literature : 

Bftur, G., Osteologische Notizen iiber Reptilien (Zool. Anz. vol. IX. No. 238), 1886.— /^irf. 
vol. XI. (1888), pp. 417, 592 ; and vol. XII. (1889), p. 40.— Notes ou some little kuown Aniericau 
fossil Tortoises (Proc. Acad. Nat. Sci. Philadelphia, p. 411), 1891. — Benierkungeu iiber die Phylo- 
genie der Schildkniteu (Auat. Anz. vol. XII. p. 561), 1896. — Boulenger^ Q. .4., Catalogue of 
Chelonians in the British Museum. Loudon, 1889. — Case, £. C*., On the osteology and relationships 
of Protostega (Joum. Morph. vol. XIV. No. 1), 1897. — Cope, E, i>., The Reptiles of the American 
Eocene (Amer. Nat. vol. XVL p. 979), 1882.— /Wrf. vol XXX. p. 398, 1896.— Z>awiM, U'., Die 
Chelonier der norddeutschen TertiarforinWion (Palaeont Abhandl. Dames und Kayser, vol. VI,), 
1394. — />o//o, Z,., Note sur les Cheloniens de Bemissart (Bull. Mus. Roy. d'Hist. Nat Belg. vol. III. 
p. 63), 1884 ; ihid. vol. IV. (1886), pp. 69, 129 ; and ibid, vol. V. (1888), p. 59.— On the humerus 
of Euclastes (Geol. Mag. [3], vol. V. No. 6), 1888. — Fraas, E., Proganochelys Quenstedtii Baur 
(Jahresh. Vereins Naturk. Wiirtb.), 1899. — Oray, J. E., Notes on the families and genera of 
Tortoises (Proc. Zool. Soc. vol. XII. p. 165), 1869. — Hoffmanti, C. K., Chelonia, in Bronu's Classen 
und Ordnungen des Thierreichs, vol. VI. 1879. — Lydekker, R., Siwalik and Narbada Chelonia 
(Falaeont. Indica, ser. X. vol. III.), 1886. — Catalogue of the fossil Reptilia and Amphibia in the 
British Mnaeum, Part III. London, 1889. — Mcuick, f{. A., Die bis jetzt bekannten fossilen Schild- 
kroten, etc, (Palaeontogr. vol. XVIII.), 1869. — Meyer, H, von, Zur Fauna der Vorwelt, Parts I. and 
IV. Frankfort, 1845-60. — Owm, /d., and Bell, /?., Monograph of the fossil Reptilia of the London 
Clay, Part I. (Palaeont Hoc.), 1851. — Owen, 72., Monograph of the fossil Chelonian Reptilia, etc., 
ihid. 1852-53. — Pictet, F. J., and Humbert, A„ Monographie des Cheloniens de la Molasse Suisse. 
(Jeneva, 1856. — Poriis, A., Ueber fossile Schildkrciten aus dem Kininieridge von Hanover (Palaeontogr. 
vol. XXV.). 1878.— Les Cheloniens de la Molasse Vaudoise (Mt'-m. Soc. Palaeont Suisse, vol. IX.), 
1882. — Reinadt, A. v., Schildkriitenreste im Mainzer Tertiarlwcken, etc. (Abhandl. Senckenb. 
naturf. Ges. vol. XXVIII.), 1900. — RiUimeyer, L„ Die fossilen Schildkroten von Soluthum (Denkschr. 
Schweiz. naturf. Gesellsch. vol. XXII.), 1867; and ibid. vol. XXV. (1873).— Ueber den Ban von 
Schale und Schadel l)ei lebenden und fassilen Sehildkroten (Verhandl. naturf. Gesellsch. Basel, vol. 
111. p. 255), \%12.—Sacco, F., Cheloni Astiani del Piemonte (Mem. Acad. Torino, vol. XXXIX.), 
1889. — \VagMr,J. /!., Sehildkroten und Saurier aus den lithographischen Schiefer (Abhandl. bayer. 
Akad. Wissensch. II. Classe, vol. Vll. p. 291), 1853 ; and ibid, vol. IX. (1861), p. 68.— llVr/awrf, 
G. R,, On Archelon ischyros, Protostega, etc. (Amer. Joum. Sci. [4], vol. II. p. 399), 1896 ; and 
ibid, vol. V, (1898), p. \b.— \ViiliMon, S. If'., A new turtle from the Kansas Cretaceous (Trans. 
Kans. Acad. Sci. vol. XVII. p. 195), 1901. 
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of the pterygoids with the hasisphenoidy and frequently also with one another, Narial 
opening single and terminal. No sternum ; ribs single-headed ; two sacral vertebrae. 
Pubes and ischia forming symphyses. Humerus without entepicondylar foramen. 
Pentadactyle walking limbs or paddles. 

Chelonians form an extremely homogeneous and narrowly circumscribed 
group, their peculiar organisation separating them widely from all other 
reptiles, and their origin and phylogeny being very obscure. A relationship 
with the Triassic Dicynodonts is perhaps indicated by the skull, which is 
strikingly similar ; and certain features of the palate and pectoral girdle are 
suggestive of the Sauropterygia, Rhynchocephalia, and Labyrinthodont Stego- 
cephalians. Chelonians first make their appearance in the Upper Keuper of 
Southern Germany (Proganochelys) and exhibit all the typical characters of the 
order ; nor do they undergo any noteworthy modifications in structure during 
all their subsequent history. 

Shell. — The most distinctive character of the group is the investment of 
the body in a more or less rigid shell or box, which is composed partly of the 
modified neural spines of the dorsal vertebrae, and partly of dermal ossifica- 
tions more or less intimately united with the former. Into this capsule the 
limbs, tail, and usually also the neck and head are capable of being retracted. 

In most forms both the dorsal shell or carapace^ and the ventral or plastron^ 
are superficially covered with a leathery or corneous epidermal layer, which is 
divided by indented sutures into a few large scutes or shields. These epi- 
dermal shields are arranged quite independently of the subjacent osseous plates, 
and are wanting only in Trionychoidea and Dermochelys. They afford valuable 
diagnostic characters amongst recent forms, but as a rule are completely 
destroyed by the fossilisation process, their sutures being merely indicated by 
shallow sulci. On the carapace they form a median dorsal apd a paired lateral 
series, there being usually five unpaired or vertebral shields^ and four or five 
pairs of costal shields (Figs. 305, 306). Eound the periphery there is also a 
series * of about twenty-four marginals (marginalia), the anterior of which 
is called the nuchal, and the posterior, sometimes double, the caudal or " supra- 
caudal '' shield. Five or six pairs of epidermal shields are present in the 
plastron, but there is no median series. The anterior pair is designated as 
gulars, following which in the order named are the humerals, pectorals, 
abdominals, femorals, and anals. Occasionally the gulars are separated in 
front by a single or double intergular shield. 

The osseous plates of the carapace (Fig. 297) are formed partly by lateral 
expansions of the spinous processes of eight dorsal vertebrae (second to ninth), 
and of the ribs belonging to these vertebrae; and in still greater part by 
dermal ossifications overlying the ribs and joining the expanded spinous 
processes on either side of the median line. The plates of the carapace thus 
differ in number and arrangement from the epidermal shields, inasmuch as 
they coincide with the vertebrae and ribs. The latter retain their individuality 
more or less distinctly on the visceral side of the costal bones, and extend 
across the vacuities when the carapace is incomplete. 

The median series of eight bony plates in the carapace are called neurals or 
" vertebrals " ; and the lateral pieces lying superjacent to the ribs, which are 
firmly united to one another and to the neurals by suture, are termed pleurals 
(or " costals "). Sometimes not all of the neural bones are developed, and among 
the recent Pleurodira of Australia they are wanting altogether. In front of 
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the series of neural plates is a large hexagonal plate, the nachal, which is 
broader than long, and situated above the first dorsal vertebra. This plate, 
which is present in all Chelonians, is a cartilage bone, developed simultaneously 
with the neurals, and has been supposed to represent the modified ribs of the 
last cervical. Gootiouing the series of neurals behind are two to four un- 
paired membrane bones termed the pygai plates or " postneuralB," the last of 
which, in shape and position, forms part of the peripheral series. In addition 
to the posterior azygous peripheral or pygal, there are eleven (exceptionally 
twelve) peripheral plates on each side, except in Slaurotijpus and Cinastemwm, 
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which have but ten. The peripherals and pygals owe their origin entirely to 
dermal ossification. 

There are normally eight pairs of neural plates, but some fossil marine 
forms have nine or ten. The first neiuat is constantly the broadest, the last 
the smallest ; in a few forms these plates are of unequal width, alternately 
widening proximally and narrowing diatally. The distal extremity of the rib 
persista as a free point fitting into a corresponding socket of the peripheral 
plate. In a number of forms there are persistent fontanelles or vacuities 
between the neural and peripheral plates, and also in the plastron. 

The plastron arises exclusively from dermal ossification, and is entirely 
independent of the pectoral arch, with which it has sometimes been homo- 
logiaed. It consists usually of nine bones, a median anterior entoplastron (or 
"interclavicular"), and on each side following this in the order named, an 
epiplastron, a hyoplastron, a hypoplastron, and a xiphiplastron. Some 
authors have regarded the epiplastra as equivalent to the clavicles, the 
entoplastron to the interclavicle, and the other elements as modifications of 
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the Stegocephalian and Rhynchocephalian abdominal ribs. An entoplastron 
is ^wanting among the Cinosiemidae, and in Baena and the Pelomeduddae the 
usual number of nine bones is increased to eleven, the additional elements 
being the mesoplastra, situated between the hyo- and hypo-plastra. The 
mesoplastra may have served in the primitive condition to close the lateral 
vacuities. Until late in life in the Chdydiidiie, and throughout in the Chdo- 
nidae, the paired abdominal bones are separated by wide fontanelles (Fig. 
297, C), whilst in all other recent Cryptodires the plastron forms in the adult 
a solid shell, which may be divided into two or three portions by the presence 
of one or two transverse ligamentous hinges, as in Cistudo^ Emys, etc. 

" In the adult of most genera the hyo- and hypo-plastra are united with 
the marginal plates by suture ; in a few they are narrowly separated from the 
latter by ligament, or the outer border of these bones form digitate dentations, 
which may either articulate by gomphosis with the marginals or be entirely free. 
The space between the body of the plastron and the marginals is called the 
bridge ; it is particularly short or absent in those Testudinidae in which the 
plastron is movable, and long and narrow in those forms (Chelydridae) in which 
the plastron is particularly small, the whole shield being cruciform. In such 
Testudinidae as have the plastron suturally united with the carapace, the hyo- 
and hypo-plastron each sends up a process, respectively termed the axillary .and 
inguinal buttress, which anchylose either with the inner surface of the marginals 
or with the costals ; these buttresses are least developed in the land tortoises 
and most of the Testudinidae frequenting deep water, in which genera they 
form very large septa, nearly reaching the vertebral region and forming two 
lateral chambers occupied by the lungs " (Boulenger). 

Vertebral column. — 'The cervical region is extremely flexible, and comprises 
eight non-costiferous vertebrae, the first of which is biconcave, and the last 
biconvex. Transverse processes are absent or extremely rudimentary in this 
region. The ten rib-bearing dorsal vertebrae are immovably united with one 
another and with the carapace, following which are two amphiplatyan sacral 
vertebrae. The sacral ribs are, as on the last dorsal vertebra, suturally 
united with both centrum and neural arch ; the first is the most developed, 
and considerably expanded distally. The caudal vertebrae range in number 
between sixteen and thirty-five, the more usual number being from twenty to 
twenty-five. The centra are in most cases procoelous, but sometimes opistho- 
coelous. Transverse processes or costoids are present on most of the vertebrae, 
and connected with the centrum and the arch. Neural spines are not developed, 
and chevron bones are absent or vestigial. 

Skull, — The bones of the skull form a broad, often very convex roof, which 
is prolonged posteriorly in a strongly developed supraoccipital crest. The 
orbits are large and placed laterally in advance of the middle of the skull ; the 
deeper the skull, the larger the orbits. The latter are completely encircled by 
four or five bones — the maxilla, prefrontal, sometimes the frontal, the post- 
frontal, and the jugal. The external nostril is single and terminal, bounded 
by the premaxillae, maxillae, and prefrontals or nasals. The parietals are of 
large size and distinct, being connected with the palate (except in the Derma- 
chelyidae) by descending processes. An independent lachrymal bone is never 
present, and nasals occur only rarely among the Pleurodira and some Cryptodira, 
The anterior margin of the snout is formed by the smaU, usually distinct 
premaxillae. 
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The poatfronttth are large in most Cryptodires, forming a poBtorbital 
arch ; in the marine turtles the postfrontal unites in a long sutnre with the 
parietal, the whole or greater part of the temporal region being roofed over by 
bone. The temporal roof attains its greatest development in the Chdonidae, 
where three cranial arches are present — the postfronta«quamosal, the jugo- 
quadratojugal, and the parieto-squamoBal. In all other Cryptodires the 
parietal is widely separated from the squamosal, and as a rule the squamosal 
is separated from the postfrontal. In a few genera there is no bony temporal 
arch, and the quadrato-jugal is rudimentary or absent. The jugat, when 
present, takes part with the maxilU in the lower border of the orbit, being 
excluded from it only in the genua Platystemnm. The prootic and opisthotic 
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are both stout plates, situated in their usual positions. The exoccipital 
sometimes fusea with the supraoccipital, which is produced beyond a line 
drawn between the posterior extremities of the squamosal. The foramen 
magnum is deeper than broad, and bounded by the supraoccipital and the 
exoccipitals, and occasionally also by the basioccipital. 

The squamosal joins both the prootic and opisthotic, and is buttressed by 
the quadrate, which penetrates the otic region by means of a superiorly or 
inwardly directed process, and is suturally united with the quadrato-jugal. 
The quadrate sometimes joins both the basispbenoid and basioccipital, but in 
all Cryptodires it is separated from the basisphenoid by the pterygoids, which 
form a auture with the basioccipital, or very nearly reach the latter bone, and 
are in contact with the maxillae (except in the CheloniJae). In none of the 
Pleurodires do the pterygoids extend posteriorly beyond the quadrate. 
VOL. II O 
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The mandibular elementa, which are six in number, are so intimaWly 
united in the adult ae to appear like a single piece. A BymphyBial suture is 
present in the Chdydridae, however, at least in young individuals. Teeth are 
entirely wanting, both on the palate and jaw-bones, but the edges of the latter 
are covered with sharp, horny sheaths like the beak of a bird. 

LiTob^irdUs. — The limb-girdles {Fig. 299) are remarkable for being enclosed 
within the external shell, but as they precede the development of the anterior 

and posterior dorsal ribs 
in the embryonic state, 
their apparently abnormal 
position is seen to be a 
secondary modification. Of 
the three branches which 
constitute the pectoral 
arch, namely, the scapula, 
precoracoid, and coracoid, 
' the latter is longest in the 
Uhelimi'lae, the former in 
all other Cryptod ires. The 
coracoids are long, distally 
expanded bones, directed 
backwards and inwards, 
but not meeting in the 
median tine. The scapula 
is slender, rod- like, and 
upwardly directed. It* 
distal extremity is attached 
by ligaments or cartilage 
to the anterior costal bone, 
and its proximal end is 
fused with the precoracoid, 
Fiii. ai-fl. which corres|M)rids to an 

j elongated acromial process 






p. EpiBiiiBtron:/, Fibni«:/f, (" proscapula," Baur 



^"r^Si'VW^;r??i^"ia; " clavicle," Cuvier, Owen). 
,'i>, oui«.i,,B»' ; '. "*"■'* ; "T, -Smi.iii* ; I, TiWa : «, vua ; xp, xiphi- "phe latter is directed for- 
wards and downwards, and 
its expanded distal end is attached by ligaments to the entoplastron. The 
humerus exhibits a large spherical head, and a more or less strongly curvei) 
shaft. The radius and ulna are of about equal length, except in the CMonidae, 
where the former is much longer and situated below the ulna. The proximal 
carpals are commonly four in number, and the distal five; numerous varia- 
tions, however, are exhibited by the bones of the manus amongst the different 
families and genera. Five digits are always present, but sometimes not more 
than three are clawed. 

In the pelvic arch the long ilium is loosely attached to the sacrum and 
eighth costal plate in the Gryptudira, to the sacral ribs in the Triont/ehcidea : 
hut in all existing Pleurmlira the pelvis ts solidly united with the carapace and 
plastron, and bears no trace of sacral attachment (Fig. 307). The pubis and 
ischium of Cryptodires form a ventral symphysis, and their symphysial branches 
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are either widely separated from each other, or in coutact and limiting two 
obturator foramina (Testudinidae), The pubis sends off a more or less developed 
process, directed forwards and outwards, which may be subcylindrical, rod-like, 
or flat and expanded distally ; a lateral process is also present, but usually less 
developed than that of the pubis, on the ischium of all Cryptodires except in 
the Chelonidae (Boulenger). The femur is a curved cylindrical bone, and the 
tibia and fibula are subequal in length. An astragalus (formed of the tibiale + 
intermedium) which is in contact with both tibia and fibula, and a small outer 
calcaneum (fibulare) co4stitute the proximal tarsals ; or among the Emyds, 
these may coalesce in a single piece. A centrale is distinct in the Chelydridae 
and most Pleurodires ; and except in the Chelonidae^ which have four, the 
distal row of tarsals contains five bones. 

Habitat and Geological History, — Many of the Chelonia are terrestrial in habit, 
a greater number are aquatic, and a few are exclusively marine. About 200 
recent species are regarded as well established, most of which are limited to 
the tropics or warm temperate zones. The earliest known fossil remains are 
from the Upper Keuper of Wiirtemberg (Proganochelys, Chelythenum\ and are 
fortunately tolerably well preserved. None have been discovered in Lower 
Jurassic rocks, but from the Upper Jura of Solothurn, Northern France, 
Germany, England, and the United States, a number of forms are known, all 
of which are closely similar to existing genera. Numerous Chelonian remains 
occur in the Cretaceous and Tertiary, but complete skeletons in association 
with the skull are extremely rare. The only noteworthy marks of evolution 
affecting the order since early Cretaceous time are degeneration of the carapace 
and plastron in certain types, and elongation of the phalanges in truly marine 
forms. 

Baur supposes ancestral Chelonians to have had a habitat similar to that 
of modern Crocodiles, namely in shallow water or in swamps. A branch then 
arose which inhabited rivers, and whose most specialised members are the 
three-clawed mud-turtles (Trionychaidea). That these forms with soft marginal 
plates are descended from a group having completely ossified marginals there 
can be little doubt. From a fluviatile habitat, according to Baur, these early 
Chelonians passed on to a marine, prior certainly to the Cretaceous period, 
since we find here such specialised genera as Protosfega, Protosphargis, Alio- 
jdeuron, etc. ; and the most specialised of all is the recent Dermochelys, Still 
another branch acquired amphibian habits, like many of the Emydidae, and in 
time some of these {Terrapene^ Nicoria, etc.) became truly terrestrial. The land 
tortoises (Tfsfudinidae)^ a highly specialised group, are initiated in the Eocene 
(Hadnanus), and are completely adapted for a terrestrial existence. 

Sub-Order A. TBI0N70H0IDEA. Bonaparte. 

Dorsal vertebrae and ribs fused with tl^ dermal plates to form an incompletely 
ossified carapace ornamented with course vermiculating sctdpture ; no epidermal 
shields. Neck bending by a sigmoid curve in a vertical plane. Skull toith descend- 
ing pctrieto-pterygoidal processes. Pterygoids broad througJwid, separated from each 
other, the basisphenoid joining the palatines. Cervical vertelmie witlwut transverse 
processes. Sacral and caudal ribs generally attached to welUdereloped transverse 
processes of the neural arches. Pelvis free from the carapace and plastron. Lirnhs 
modifini into paddles, the fourth digit with at least four pJudanges, and otdy the three 
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iniKr dibits davxd. Marginal bottes absent or formittg an incompUU serits, not 
eonneded with Ike ribs. Mm plaslral elemenis ; ^plaslrd teparated from the 
hyopla^ra by the y-shaptd eniopladron. 

The group of three-clawed mud-turtlee, which appears first in the Upper 
Cretaceous of the United States, and next in the lowest Tertiary strata of 
both Europe and North America, exhibits the most generalised structure of 
all Cheloniane. The shell is incompletely ossified, and the plastral elements 
remain separate throughout life. Vacuities persist in the carapace, and various 
portions of the skeleton afford evidence of imperfect ossification. There are 
no free nasals, and no parieto-squamosal arch ; (he descending processes of 
the prefrontal may or may not be connected with the vomer, the epipterygoids 
are free, and the dentarles distinct. The stapes is entirely surrounded br 
the quadrate. The pterygoid is broad, without lateral expansions, separating 
the quadrate and basisphenoid. Only one family is recognised. 

Family 1. Trlonyohidae. Gray. 

Skull depressed, the small orbits directed more or less upwards and approximated 
towards the nares; temporal fossae 
completely open, and squamosal anil 
supra-occi^al with very long pos- 
terior processes. Plastron lolailii 
distinct from the carapace, teilh . 
large vacuities. Humerus much 
curved. Eocene to Recent. 

The existing members of 
this family, numbering in all 
about twenty-five species, are of 
fluviatite habit, and distributed 
in the tropical and temperate 
zones of all the continents 
except South America. Most 
of the fossil forms belong to 
the genus Trionyz, Gray (Fig. 
300), which survived in Enrope 
throughout the Eocene and 
Fiu. 300. Miocene, and still inhabit* the 

fri.inv"'*'-™'". Prv-n. Miocpup iikiiikw: Ei.i»«iiui, sijru. rivers of Asia, Africa, and 

Imperfect cmlBH'c siiU oint at rl b». '/* l»«^f I'flirj). .. , . ■ i , j 

North America. Axestns and 
I'liistumenus, Cope, from the Eocene of Wyoming and New Mexico, are closely 
related genera. Cbiira, Gray, is Pliocene and Recent. 

Sab-Order B. 0B7FT0DIBA. Dnm^riL 

Dorsal vertebrae ami ribs fused and expanded into bony plates forming a carapace. 
.Veck bending by a sigmoid curve in a vertical plane. Cervical veiiebrae without or Kith 
mere indicatious of transverse processes. Posterior centicals with two articular faces. 
Skull with descending parieto-plerygoidal processes (except in the Dermociielyidaf). 
No free nasals; jmrielonqmumsal arch present or absent; descenditig process of the 
prefrontals eonneded with the vomer; stapes tii an open groove, entirely covered by the 
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quadrate behind. Pterygoids narrow in the middle^ in contact only along the median 
line, without wing-like lateral expansions, separating the quadrate and basisphenoid. 
Pelvis not anchylosed with carapace or plastron. Digits with not more than three 
phalanges, Epiplastra in contact with hyoplastra ; entoplastron oval, rhomboidal, or 
T-shaped, A complete series of marginal bones, connected with the rilis. 

This sub-order comprises the majority of existing and fossil Chelonians. 
As distinguished from Pleurodires, the head is retracted by curvature of the 
neck in a vertical plane, and the pelvis is unconnected with the plastron. 
The different families are conveniently grouped by Baur in four superfamilies, 
as recognised in the sequel. 

Superfamily 1. GHELONOIDEA. Baur. 

A parieto-squamosal arch ; no foramen palatinum between palatines and maxillae; 
articular faces between the sixth and seventh cervical vertebrae plane ; nuchal with a 
distinct process on the lower side for articulation with the neural arch of the eighth 
c^xical veiiehra, and without lateral processes. One biconvex cervical vertebra. 

Family 1. Dermoohelyidae. Gray. {Athecae, Qo\ye,) 

Carapace broken up into numerous mosaiclike pieces of dermal ossification, wholly 
unconnected with the vertebrae and ribs. Epidermal shields absent. Skull without 
descending parietal processes; tempoi'dl region completely roofed, the squamosal 
joining the parietal. Humerus flattened ; limbs paddle-shaped, dawless, tlie digits 
of the manus much elongated ; phalanges witlumt condyles. Tertiary and Recent. 

Eosphargis, Lyd. Carapace represented by a single median row of broad 
carinated scutes and a series of marginals on either side. Plastron probably 
devoid of tesserae. Skull broad and flat. Eocene ; England. 

Psephophorus, v. Meyer (Macrochelys, van Beneden non Gray). Skull 
shorter, thicker, and relatively larger than in Dermochelys ; shell completely 
tessellated, sculptured ; scutes of the larger longitudinal row of the carapace 
devoid of carinae. Eocene and Oligocene ; Europe. 

Dermochelys, Blv. (Sphargis, Merrem). Carapace completely, plastron in- 
completely bony in the adult, the former with seven, the latter with five 
keels ; plastral elements eight. Recent ; Atlantic, Pacific, and Indian Oceans. 
In this, the largest and sole surviving member of the family, the separation 
of the vertebral column from the carapace was deemed by Cope, Dollo, and 
others a character of sufficient importance to warrant the establishment of a 
group {Athecae) equal in value to the rest of the Chelonia, Baur has 
endeavoured to prove that the mosaic-like carapace was an acquired character, 
and that this and the following family are directly related to the Chelonidae, 

Family 2. Protostefirideia Cope. 

Carapace represented merely by a row of marginals, bid the plastron roy strongly 
developed and composed of thick ossifications. Skull toith descending parietal plates. 
Humerus with the radial process short, blunt, and approximated to the head. Creta- 
ceous and Tertiary. 

Protostega^ Cope. Descending parietal plates well developed. Carapace 
intermediate between Dermochelyidae and Chelonidae, with several primitive 
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characters regarded as ancestral to both. Plastron with larger bones and a 
much smaller fontanelle than in Dermochelys. Body elongate, the posterior 
end truncated ; limbs paddle-shaped. Post-axial border of humerus more or 
less deeply emarginate. Upper Cretaceous ; North America. 

Jrchelon, Wieland. Larger than the preceding, but similar in most 
respects. Ft. Pierre Cretaceous ; South Dakota. 

Protosphargis, Cap. Skull unknown. Body skeleton similar to that of 
Protosiega, but bones of plastron more slender, and median fontanelle larger. 
Uppermost Cretaceous ; Italy. 

Pseudosphargis, Dames. Skull flat and wide, like that of the Dermo- 
chelyidae, but with descending parietal processes. Oligocene ; Germany. 

Family 3. Ohelonidae. Gray. (Marine Turtles.) 

Shell more or less incompletely ossified^ covered with epidermal skidds. Carapace 
frequently cordifoiin ; plastral bones nine, distinct from the carapace, and with vacuities 
and digitate laieral extremities ; nuchal without costiform process. Temporal region 
of skull completely roofed over ; squamosal joining the parietal, and the loiter articu- 
lating with the postfrontal. Limbs paddle-shaped, phalanges without condyles, terminal 
daws reduced to one or two, Supramarginal shields present, and sometime^ an inter- 
gvlar. Upper Cretaceous to Recent. 

Osteopygis, Cope (Catapleura, Cope). Carapace practically closed; marginals 
eleven. Upper Cretaceous. 

Alloplewron, Baur. Carapace long and narrow, nuchal deeply emarginate, 
neurals short and wide with a long keel ; marginals long and slender. Upper 
Cretaceous. 

Lytoloma, Cope {EucUistes, Puppigei-us, p.p.; Cope ; Glossochelys, Seeley ; 
Erqudinnesia, Pachyrhynchus, Dollo). Skull resembling that of Thalassochelys, 
Carapace rounded posteriorly, vacuities of shell more obliterated than in 
Thalassochelys ; epiplastrals narrow ; exposed portion of entoplastron very 
short , xiphiplastrals uniting extensively in the median line. Upper Creta- 
ceous and Eocene. 

ArgUlochdys, Lyd. Skull short and wide. Shell and bones of the pectoral 
arch similar to those of Thalassochelys, except that the carapace has but four 
costal shields, and the xiphiplastrals unite extensively along the median line. 
Eocene ; England. 

Thalassochelys, Fitz. (Fig. 301). Carapace completely ossified in the adult, 
with at least five pairs of costal shields, and vacuities more or less obliterated. 
A series of inframarginal plastral shields present. Eocene to Recent. 

Chelone, Brong. {Mydas, Gray ; Cimochelys, Owen), (Figs. 297, 302). Skull 
comparatively long, narrow, with the orbits lateral. Shell cordiform or 
pointed at both ends, with four costal shields, the plastral vacuities persisting 
for a long period. An intergular and a series of inframarginal shields present. 
Upper Cretaceous to Recent. 

Lembonax, Cope. Eocene ; North America. Chelyopsis, van Beneden. 
Oligocene ; Belgium and Northern Germany. 

During the Cretaceous and Tertiary numerous marine turtles existed which 
are perhaps most nearly related to the Clielonidae, but owing to their diversity 
have been placed by some authors in independent families. Most of them, 
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however, are too imperfectly known to admit of a precise account of their 
structure or taxonomy. 

Proplmra and PerUresius, Cope, from the Upper Cretaceous of the United 
States, are representtid by a few species, all under I m. in length. Desmalo- 
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chelys, Williston, from the Fort Benton Cretaceous of Kansas and Nebraska, is 
a peculiar form with some aberrant characters, such as free nasals, stout 
transverse processes on the cervical vertebrae, and a single articular face on 
the posterior cervicals. Puppifffrus, Cope, occurs in the Miocene of New Jersey. 

Snpei&mily 2. CHELTDBOIDEA. Banr. 

No parUfo-tqwimosat arch ; a forameit palaliauin between palatiM arul maxilla ; 
articular faces between the sixlh and seventh cervical vertebrae not plane ; iiwhal 
Ktthovi lower process, but with vwre or less strong lateral process underlying the 
peripherals ; one biconvex cervical ; a complete series of inframarginals. 

Family 1, Thalaasemydldae. Riitimvyer. {Actchdyidue, Lydekker.) 

Temporal fossae of sl:ull partially roofed. Shell cordiform, more or less in- 
eompUtelff ossified, llie fontanelle in plastron persisting for a lon{i peruxt or throughout 
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life. Nuchal without aistiform process. Plastron connedetl with carapace by axillary 
afid inpuirud buttresses. Humerus with imperfectly developed head and nearly straight 
ihaft. Phalanges mih articular eoiuli/les, all the terminal ones davxil. Upper Jura 
»nd Cretaceous. 

This family includes a number of Mesozoic genera which combine the 
characters of both marine and marsh turtles, and are probably directly 
ancestral to the Chelonidae. They 
appear to have been mainly of marine 
habits. The very incomplete ossification 
of the carapace and persistent fontanelle 
of the plastron present the same conditions 
aa in seii-turtlea, while the form of the 
plastral elements and the outwardly bent 
extremities of the hyo- and hypo-plastrals 
are suggestive of marsh forms. The five 
functional toes with articulating phalanges 
were all clawed and probably webbed in 
life, having been adapted for both pro- 
gression on land and for swimming. 

Thalassemys, Riit, l^Ejudiochdys, Seeley). 
Carapace moderately thick, flattened, with 
well-ossified pleurals, the posterior neurals 
not forming a tectiform ridge. Vertebral 
shields narrow. Very large persistent 
vacuities in the plastron. Upper Jura ; 
Switzerland and England. 

Enryslernum, Wagler {Arhelonia, 
Adchelys, Aplax, Palaeomalusa, v. Meyer ; 
Euryaspis, Wagner), (Fig. 303). Carapace 
flattened, distinctly emarginate anteriorly, 
vi.,. Mi. with the pleurals well ossified and pos- 

KurMifrBiim miHi-rf V. M*y«r. Ui^perjiim; terior neurals not forming a tectiform 
ridge. V ertebral shields very wide, mar- 
ginals long and narrow. Plastron with large persistent vacuities. Upper 
•Jura (Lithographic Stone) ; Bavaria and Cerin, Ain. 

Tropidemys, Riitimeyer ; Pelhbalorh^ijs, Seeley. Upper Jura and Wealden ; 
Europe. 

Chitracephalas, Dollo. Cranium much elongated and depressed, with an 
extremely short facial region, and temporal foaaae not roofed. Cervical 
vertebrae without transverse processes. Pleurals narrowed at their outer 
ends, with vacuities within the well-developed border of the peripherals. 
Plastral elements similar to those of Vhehne. Digits clawed, not greatly 
elongated. Wealden ; Belgium. C. dumoni, Dollo. 

Family 2. Ohelydridae. Agoraiz. 

Temporal region of skull iitcomplelety roofed over; no partefo-sguamosal arrh. 
FroiUals exdwleil from orbit ; maxilla separated from l!i€ quadratoju^l ; squamosal 
ill conneetioH with poslortiilo-fronlal. Epidermal shields abseid in some eases ; number 
of neurals complete ; posterior pleurals meeting in the median line. Shell usually not 
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jvXly ossified until kUe in life. Plastron frequently small, crmiform, articvlaiing with 
the carapace by gomphosis ; an entoplastran present. Nuchal cmarginute, with a long 
costiform process underlying the anterior marginals.' Number of marginals eleven; 
a series of inframarginals. Limbs not modified into paddles; digits nwlerately 
elongate, webbed ; claws four or five. Upper Jura to Recent. 

Tretostemum, Owen {Peltochelys, Dollo). Carapace with pustulate sculpture, 
the anterior border deeply emarginate ; plastron with an intergular and five 
pairs of plastral shields. Epidermal shields present. Purbeck and Wealden ; 
England and Belgium. 

Platychelys, Wagner, from the Upper Jura, is sometimes referred to this 
family. 

Toxochdys, Cope. Skull with tympanic ring open. Caudal vertebrae 
procoelous, with well-developed chevron bones. Upper Cretaceous ; United 
States. 

PorthochelySy Will. Skull broad, alveolar margin very deep. Carapace 
completely ossified, smooth, the arrangement of bones and shields nearly as 
in Chelydra. Plastron with very small fontanelles and no sternal bridge. 
Upper Cretaceous ; United States. 

Anostira, Leidy. Shell with vermiculated sculpture and without (or with 
very thin) epidermal shields. Plastron articulated with the carapace by 
suture, and bridge without distinct inguinal notch. Skull unknown. Upper 
Eocene ; United States. 

PsevdotrionyXy Dollo. Eocene ; Belgium and England. Acherontemys, Hay. 
Miocene ; Washington. 

Chelydra, Schweig. Shell with the emargination of the nuchal not very 
deep; neural bones mostly hexagonal; supramarginal shields absent ; posterior 
border of carapace serrated. Miocene to Recent. C, mnrchisoni, Bell. Upper 
Miocene ; Switzerland. 

Marrodemmys, Gray (Macrochelys, Gray ; Gypochehjs, Agassiz). Recent. 

Family 3. Dermatemydida^. Gray. 

Skull with open temporal fossae ; frontals not excluded from orbit ; maxilla un- 
connected with quadraiojugal, and squamosal separated from post orbit of rontal. Shell 
covered with epidermal shields ; plastral bones nine ; plastral shields separated from 
tJie marginals by a series of inframarginals. Plastron united with the carapace by 
suture or ligaments. Nuchal bone produced into costiform processes, underlying the 
marginals. Number of neurals incomplete ; posterior pleurals not meeting in the 
median line. Pubic and ischiadic symphyses widely separated. Digits moderately 
elongate, claws four or five. Cretaceous to Recent 

This family comprises three existing genera restricted to Central America, 
and a number of fossil forms, such as Adocus, Agomphus (Amphiemys), and Poly- 
thorax, Cope ; Baptemys, Leidy ; and Trachyaspis, von Meyer. The family is 
intermediate in position between the Chelydridae and recent Cinosternidae, 
and in some respects suggestive of Pleurodires. Adocus, from the American 
Cretaceous, was made by Cope the type of an independent family, character- 
ise<l by the abortion of the heads of the ribs. 

The Cinosternidae, including Cinostemnm (Kinostemon), Aranwchelys, and 
Goniorhelys ; and the Staurotypidae, including Staurotypus and Claudius, are 



without representatives in the fossil stat«. The same is true of the third 
superfamilf Tecognieed by Baur, the Platystkrnoidea, comprising the family 
Platysteroidae with the solitary genus PtatystemKtn, Gray. 

Snpeibmily 4 TESTUDIHOIDEA. B»iir. 

Skull u-iilwid paTUIo-sqaamoaal arch, and squamosal separated from postorliUo- 
frontal, with n foramen palatinum between the palatine and maxilla. Ariie*dar 
faces between the sixth and seventh cervical vertebrae not plane, ami two of the eemiaUs 
biconvex. A'lichal wilhmii iBeli-ileveloped costiform processes ; series of itiframarginals 
incomplete. 

Family I. Bmydidae. Gray. (Marsh Turtles.) 

Shell evmpleleli/ ossified in lite atlull, covered with epidei-mal ahieUs. Carapace 
only moderately convex. Plastron sometimes hinged, toith long sternal bridge and 
large Vernal chambers, Ihe marginals of bridge wUhottt median processes tnteriocJHng 
with the rib-ends. Plaslral bones nine, mesoplastron and inlergwlars wanting. Lateral 
temporal arch iisitally present, quadrate open behind. Digits short and stout, the 
second and third with more than two phalanges ; daws four or five. Tertiary and 
Recent. 

The Emyds or Marsh Turtles are very closely related to the Land Tortoises, 
and are sometimes included with them in the same family. The shell, how- 




itli inkota. PlutroB ii 



ever, in the Emyds is less convex, the sternal chambers are larger, and their 
limbs are without dermal ossifications. Their distribution at the present day 
is world-wide with the exception of the Australian region. Fossil marsh 
turtles make their first appearance in the Eocene, and belong for the most 
part to existing genera. 

Eimis, Dumt-ril {Ltitremys, Gray). Neural bones short, hexagonal ; nuchal 
not distinctly emarginate. Plastron united to the carapace by ligament, and 
more or less hinged in the atlult. Eocene to Recent. 
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Ptychogaster^ Pomel. Neural bones short; pleurals alternately long and 
short at their inner and outer extremities ; nuchal emarginate. Hyoplastrals 
united to the carapace by suture, the hypoplastrals joining it by a straight 
ligamentous union, and movable upon a transverse hinge. Oligocene or Lower 
Miocene; France. 

StylemySy Leidy. Skull unknown. Shell with the general characters of 
Testudo, but with all or nearly all of the neural bones hexagonal, with short 
antero- lateral surfaces; the nuchal not emarginate; posterior caudals not 
alternating in length ; caudal shield undivided. Oligocene to Pliocene ; 
Western United States. S. nehrascensis, Leidy, the type species, is very 
abundant. 

Cistudo, Fleming (Fig. 299) ; Cydemys, Bell. Recent. Damonia^ Bellia^ 
Nicaria, Gray. Pliocene and Recent. Ocadia, Gray ; Cltvimys^ Wagler. 
Miocene to Recent. 

Family 2. Testudinidae. Gray. {Chertidae.) Land Tortoises. 

Skull toUh open temporal fossae; qaadrate dosed behind. Shell completely 
ossified even in the yotmg, more or less ovoid, and covered with epidermal shields. 
Plastron suturally united with the marginals; an entoplastron present, SterncU 
bridge long, sternal chambers very dightly developed ; anterior and posterior extremities 
of hyO' and hypo-plastron little extended inwards ; marginals of bridge with median 
processes interlocking ivith rib ends. Skull with open temporal fossae ; quadrait dosed 
behind. Pubic and ischiadic symphyses firmly connected with each other. Limbs with 
free digits, which are short and moderately elongate ; terminal daws four or five. 
Second and third digit of pes never with Tnore than two phalanges. Tertiary and 
Recent. 

CinixySy Bell {Kinixys, Bell ; Cinothorax, Fitz.). Posterior portion of cara- 
pace movable in the adult, hinged between the seventh and eighth marginals 
and the fourth and fifth pleurals. Gulars distinct. Recent ; Africa. 

Pyxis, Bell. Carapace without hinge; front lobe of plastron mobile. 
Recent. 

Homopus, Dum. and Bibr. Carapace and plastron without hinge. Palate 
without oral ridge. Eocene to Recent. 

Hadrianus, Cope. Distinguished from Testudo by the narrow vertebral 
shields, usually hexagonal neural bones, undivided caudal shield, and more 
uniform length of extremities of the pleural bones. Eocene ; North America. 

Testudo, Linn. {Colossochelys, Falc. and Caut. ; Manouria, Gray ; Xerobates, 
Ag.). Neural bones short; pleurals alternately short and long at their inner 
and outer extremities ; nuchal deeply emarginate. Plastron extensively united 
with the carapace by suture ; buttresses short, never extending beyond the 
edge of the costals. Vertebral shields broad, costals very short. Miocene to 
Recent. Some Pliocene species attain gigantic size, the shell of T, perpiniana, 
Dep^ret, from the Pliocene of France, having a length of 1 '2 m., and that of 
T, atlas, Falconer and Cautley, from the Pliocene of the Siwalik Hills, India, 
upwards of 2 m. 

Sub-Order C. PLEUBODIBA. Dum^ril. 

Skull with outer border of tympanic cavity completely encircled by the quadrate ; 
pterygoids very broad throughout, forming wing -like lateral expansions, and not 
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separating the quadrate and hasisphenoid ; nasals free or united with prefronials ; the 
latter wUhoxU descending processes. Neck bending laterally; ceiincal vertebrae with 
strong transverse processes and single articular faces. Shell usually covered with 
epidermal shields; a complete series of marginal hones connected with the ribs; 
epiplastra in contact with hyoplastra; mesoplastrals present in some forms, and an 
inter giilar in all cases where epidermal shields occur. Pelvis anchylosed to carapace 
and plastron. Digits with not more than three phalanges. 

In this group, as indicated by the name, the neck bends laterally, and the 
pelvis is anchylosed to the carapace and plastron. A number of fossil forms 
are known which exhibit characters intermediate between Pleurodires and 
Cryptodires, and are here considered (following Baur and Lydekker) as an 
independent sub -order, the Amphichelydia. Existing Pleurodires are re- 
stricted to the southern hemisphere, and distributed in South America, 
Southern India, Africa, and Australia. 

Family 1. Progranoohelyida^. 

Containing only the primitive Proganochelys, with the characters of that 
genus. 

ProganochelySy Baur {Psammochelys, Quenst. ; ? Chelytherium, von Meyer). 
The following description of this, the most ancient of all Chelonians, is 
condensed from Fraas ; known only by the carapace and plastron, in one 
specimen about 065 m. long and nearly as wide. Carapace moderately convex, 
with five vertebral shields greatly enlarged and the costals correspondingly 
reduced ; a series of supramarginal epidermal scutes at the antero- and postero- 
lateral angles, elevated into prominences ; posterior marginals large and freely 
projecting. Neural bones small, costals large and extending with the rib ends 
as far as the plastron. Sternal bridge long, mesoplastrals very large, laterally 
expanded, and meeting in the middle line ; epi- and ento-plastron very small. 
Pelvis supported by two sacral vertebrae ; ribs and pelvis connected with the 
carapace and plastron. Upper Trias (Stuben Sandstone); Wiirtemberg; 
P. quenstedtii, Baur ( = Psammochelys keuperiana, Quenst.). 

Family 2. Miolaniidae. Owen. 

SMI knmvn only by fragments. Skull with completely roofed temporal fossae, and 
furnished wUh horn -like bony protuberances ; no distinct nasals; vomer divviing 
palatines. Camial vertebrae opisthocoelous, with chevrons ; tail long and encased in a 
nodose bony slieath. Pleistocene. 

Miolania, Owen {Ceratochelys, Huxley). Cranium with three pairs of 
peripheral prominences in the fronto-parietal region, the head measuring in 
one species 0*6 m. in width to the tip of the "horns." Habits probably 
herbivorous and terrestrial. Related to the Testudinidae, according to Baur. 
Pleistocene ; Queensland and Lord Howe's Island. M. plaiyceps, Owen ; M. 
oiceni, Sm. Woodw. 

Family 3. Ohelyidaa Gray. 

A strong pariej^sqnamosal arch ; posterior narial openings bounded by maxillae, 
palatines, and wmer ; frontal unpaired; nasals free ; premaxillae distind. Shell 
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covered with eptdentuU sktelda; plastral bones nine; )u> tnfTamarginal shields. 
Tertiary and Recent. 

The recent genue Chelys, Dum^ril, ie made by Baur the exclusive repre- 
sentative of this family, and separate families are established for each of the 
following : — Bydromeditsa, Wagler (Recent) ; Chdodina, Fttz. (Pleistocene and 
Recent) ; and Rhinemi/s, Wagler (Eocene to Recent). In Chdodina neural 
bones are absent, and the external surface is more or less vermiculated. 

Family 4. Rblnemydldae. Baur. 

A slender or broad parieto-squamosal arch present ; posterior narial openings 
bounded by maxUlae, palatines, and vomer ; frontal paired ; nasals free ; premaxillae 
distinct. Tertiary and Recent. 

KhtMinys, Wagler (PArynopa, Wagler ; Hydrastis, Bell). Eocene ; India ; 
and Recent ; South America. Emydura, Bonap. Pleistocene and Recent. 
Platemys, Wagler; Elseya, Gray. Recent. 

Family 5. Pelomeduaidae. Cope. 

Qitadralojuyal not in connection with parietal ; vomer rudimenlary or absent. No 
parieto-squamosal arch and no free nasals; prefrontals in contact. Second cervical 
biconvex. Plastrat bones eleven ; mesoplastra present. Tertiary and Recent. 

This family, aa limited by Baur, includes only the recent Pehniedusa, 
Wagler, and Stemothaerus, Bell. Cope regards the latter as the type of an 
independent family, on account of the complete 
mesoplastrale. The Podocnemididas differ from 
the preceding genera in having the quadratojugal 
connected with the parietals. Under this head are 
included the follow- 
ing : — Podocnemis, 
Wagler (Fig. 305). 
Eocene to Recent. 
Peltocephalvs, Dum. 
and Bibr. ; £rymno- 3 
chelys, Baur. Recent. 
Daceochelijs, Lyd. Eo- , 
cene ; and perhaps 

Taphrosphys, Cope, y,,, ^. •'"'■ *'"■ 

from the Upper Ore- padoc^mi, rip.tn,«, w.giur. cuiiibHdBe u 

taceousof New Jersey j^^hot *" " ' ' " 

and New Zealand. P'^iT" '°' ?' 

The genus Phtno- 

ehelys, Seeley (Fig. 306), from the Cambridge Greensand, known by well- 
preserved skulls and various fragments, is of uncertain family position. 

Family 6. Pleeioohelyidae. 

Skull vntk temporal fossae roofeil. SItell usually thick, viithout jnesoploslrals, and 

with either a reduced or the full number of nearals and mprapygals ; only llie pubis 

uniting with the xiphij^aslral ; entoplastral small; inframarginal sltields at least 

usually present. Sometimes a plastral ituuity. Phalangeals reduced. Upper Jura. 
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Idiofhtli/s, V. Meyer (Chdonemys, Jourdan). Shell with deeply emarginate 
nuchal ; tieurals frequently short and interrupted, never exceeding seven in 
number, and not connected with the one suprapygal. ^'e^tebral shields very 
broad. Lithographic Stone ; Bavaria and Cerin, Ain. /. JUzingeri, v. Meyer. 

PUmchtUjs, Rut. {Stylemys, Maack, non Leidy), (Fig. 307). Shell attaining 
11 length of 05 m,, circular or cordiform, relatively thick, considerably vaulted 




iu the adult, and with or without a persistent plastral vacuity. Nuchal more 
or less emarginate ; neurals generally long and narrow, eight in number, and 
connected with the first of the three suprapygale. Plastral bridge long ; 
sulcus between abdominal and femoral shields ascending towards the hypo- 
plastral suture, and terminating in the middle of the inguinal notch. Upper 
Jura ; Germany, Switzerland, and France. 

Hi/dTopeUa, ParacMi/s, v. Meyer. Upper Jura ; Europe. Ilt/taeocheli/s, Lyd. 
Upper Jura and Weakien ; Europe. 

Sab-Order D. AMPHICHELTDIA. LTdekkar. 

Xasals free; a squanuiso- parietal arclt , descending processes of prefrontuls 
joining vomer ; stapes in an open groove of the quadrate ; pterygoids jmttow in the 
middle, wilhottt wiitg-like lateral expansions, separating quadrate and bamphenoid ; 
epipterygoid well developed and free ; dentary bones distinct. Cervical vertebrae 
with well -developed transrerse processes, with single articular faces, bieoneare , 
dorsal and sacral rertehrae with well -developed rihs Pelvis not aitekylosed In 
lite (aropace and jdastron. Epiplastra in contad with hyoplaslra, entoplastron 
oval or rhomlmi'lal : a complete series of vtaTginals coaiteded with the ribs. 

The foregoing definition of this sub-order, as given by Baur, is based 
largely upon the genus Covipsemys, Leidy, oldest North American tortoise, of 
which nearly all parts of the skeleton are known. The group was established 
by Lydekker to include a number of geneialised later Mesozoic forms having 
a shell constructed on the plan of that in Cryptodires and Pleurodires, in 
which meaoplastral bones and an intergular shield are developed. The pubis 



may orticul^ite, without sutural union, with the xiphiplastral. The coracoid 
aiul humerus are of a Pleurodirati type. 

Family 1. Fleurostemidae. Lydekker. 

A provisional asBemblage embracing a variety of generaliaed fossil forms, 
and to be regarded as ancestral to both Cryptodires and Pleurodires. 

Plmroslemum, Owen {Megastemum, Gray). Carapace much depressed, 
rounded posteriorly, without vacuities, and firmly united by a long bridge on 
each side with the plastron, which ia also continuous. Surface of shell verj' 



llrUgclulst ibimdiirrrri. Wsgnrr. Uviier Jun; K«lhelin, Bavirls. 
lisctiUl shield -. Ep, KiiiiilwiUun ; it.'', Oukr shieia : llpo. BypuplEutn: 



finely pitted and deeply impressed with the suture-lines of the epidermal 
shields. Neural bones moderately elongated, hexagonal, with their antero- 
lateral surfaces short. Mesoplaatrals well developed, meeting in the middle 
line ; entoplastral relatively large ;. xiphiplaatrals deeply notched. No nuchal 
shiehl ; intergular shield not divided ; infra marginals present. Pectoral aich 
resembling that of the existing Chelys. Upper Jura ; England. 

PlaiycMys, Wagner (Hekmys, Riit.), (Fig, ,^08). Carai>ace somewhat 
depressed, with a number of more or less distinct ridges or prominences on the 
neurals and costals. Neurals short and of irregular contour, the width usually 
much exceeding the length. Bridge short. Mesoplastrale not meeting in the 
middle line. Vertebral shields much wider than long ; nuchal shield present ; 
intergular undivided. No articulation between pelvis and plastron (Lydekker). 
Upper Jura ; Bavaria, France, and England. [This genus is included by von 
Zittel with the CMi/Jridue.] 

Baifiui, Leidy, Intergular shield divided, and xiphiplastral with depressions 
which appear to have received the pubis and ischium. Mesoplastrals meeting 
at the middle line, but with the median ends much narrower than the outer 
ends. Upper Cretaceous and Eocene ; United States. 
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Compsemys, Leidy. Known by nearly all parts of the skeleton, with 
characters as given in the definition of the sub-order. Mesoplastron complete, 
very much resembling that of Pleurostemum, Hinder lobe of plastron not 
notched. Upper Jura ; Rocky Mountains. 

[Acknowledgments are due to Drs. S. W. Williston, E. C. Case, and the late G. Baur for 
assistance in the revision and extension of the foregoing chapter on Chelonia, The published 
writings of Baur, Boulenger, and Lydekker have also been freely drawn upon. — Editor.] 

• 

Order 7. CBOCODILIA. {Hydrosauria, Loricata,) ^ 

Lizard-like reptiles, usually of large size, with long, keeled, swimming toi/, and 
entire body covered with homy scales, underneath lohich along the Imck and abdomen 
are usually raws of dermal plates. Investing bones of temporal region coniraciing 
into an upper and a lotoer arcade; quadrate immovably attached to the shdl; 
secondary bony palate developed ; parietal foramen wanting ; teeth deeply socketed, 
confined to margin of jaws. Vertebrae amphiplatyan or procoetous, and among the 
earlier forms amphicoelous. Cervicals with short, dovhle-headed ribs atia^ched to 
centra; dorsal ribs long, double-headed, attached to transverse processes. Sternum 
ossified ; abdominal ribs present. Sacrum composed of two vertdirae. Two pairs oj 
limbs adapted for swimming and for habitual support of the body. 

Crocodiles possess the highest internal organisation known amongst 
reptiles. Their general form resembles that of lizards and Rhyncho- 
cephalians, but their skeletal structure is radically different; while, on the 
other hand, there is a fundamental resemblance between their respiratory 
organs and those of birds. True Crocodilians are apparently initiated in the 
Lias, and their subsequent evolution is clearly traceable, but their predecessors 
in the Trias (Parasnchia) are with difficulty distinguished from Rhyncho- 
cephalians and Dinosaurs. 

Sub-Order 1. PABASUCHIA. Huxley.^ 

Premuxillae greatly elongated. External nares separate and phced far backward^ 
in proximity to the small, upwardly directed orbits ; internal nares occupying tJteir 

^ Literature : 

Briihl, C. B.y Das Skelet der Krokodilien. Vienna, 1862. — Dolloy Z., Premiku note snr lc8 
Crocodiliens de Bemissart (Bull. Mus. Roy. d'Hist Nat Belg. vol. II. p. 309), 1883. — 6'my, /. K., 
Synopsis of the species of recent Crocodilians (Trans. Zool. Soc. vol. VI.), 1862. — HuocUyy T, B.^ 
Notes on the specific and generic characters of recent Crocodilia (Proc. Linn. Soc. vol. I V. pt. 1 ), 
1860. — Koken, E.^ Die Dinosaurier, Crocodilien und Sauropterygier des norddeutschen Wealden 
(Palaeont. Abhandl. Dames und Kayner, vol. III.), 1887. — Die Reptilien der norddeutschen unteien 
Kreide (Zeitschr. deutsch. geol. Ges. vol. XXXV. p. 792), 1883. — 6?twi, /2., Monograph of the fossil 
Reptilia of the Loudon Clay (Palaeontogr. Soc.), 1849-58. — Monogvaph of the fossil B^tilia of the 
Wealden an<l Purbeck Formations (i'^tV/.), 1853-64. — On the association of dwarf Crocodiles with the 
diminutive Mammals of the Purbeck Shales (Quar. Joum. Geol. Soc. vol. XXXV. p. 148), 1879.— 
Parker^ W. A"., On the structure and development of the skull in the Crocodilia (Trans. Zool. Soc. 
vol. XL), 1883. — Woixl^oard, A. S., On the literature and nomenclature of British fossil Crocodilia 
(Geol. Mag. [3]. vol. II. p. 496), 1885.— The history of fossil Crocodiles (Proc. GeoL Assoc, vol 
IX.), 1886. 

'■* Literature : 

Cope, E. />., On the Reptilia of the Triassic Fommtions of the Atlantic Region of the United 
States (Proc. Amer. PhiL Soc. vol. XL p. 444), Un.—Ihid. vol. XVIIL (1878), p. 2\^.—Hujdey, 
T. J/., On Stagonolepis robertsoni, and on the evolution of the Crocodilia (Quar. Joum. Geol. Soc. 
vol. XXXL p. 423), 1875.— 3farsA, O. C, On Belodon, etc. (Amer. Joum. Sci. [3], vol. L. p. 487), 
1895. — Meyer, H. von, Ueber Belotlon, etc. (Palaeontogr. vol. X. p. 227), 1863. 
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primitii'e posUiuu on either sule of lite vomers. Palatals and pterygoids not mteting 
in the middle line. Svpratemporal vacuities very small ; lateral vacuities large, com- 
pletely enclosed. Parietals and frontals paired ; poslorbilals distinct. Teelh with 
anterior and posterior carinae. Vertebrae amphiplalyan. Coracoid short and 
ronnded ; ctavicUs present. Pubis, isrMvm, and ilium all entering the imperforate 
acetabulum. 

" The Paraswhia of the Triaa are commonly regarded as ancestors of the 
longiroBtrate Crocodilians, which they resemble in numerous features, such as 
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their considerable size, armouring of the trunk region, elongated rostrum, 
coarsely sculptured cranial plates, separation of the lateral temporal vacuities 
from the orbits, socketed teoth, structure of the lower jaw (which is pierced 
in its hinder half by a vacuity), and prevalence of double-headed ribs. But 
in addition to these characters they possess others which render their associa- 
tion with Dinosaurs or Rhynchocephalians equally justifiable. Among features 
they share in common with Dinosaurs may be mentioned the divided, remotely 
VOL. H F 
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situated external narea, large antorbital vacuities, form of tbe pterygoids and 
basispbenoid, and the upwardly directed transveree proceaeea of the anterior 
doreal vertebrae. With the Rhynchocephalians they agree in having an in- 
dependent poBtorbital, paired parietals and frontale, an extensive bony palate. 
internal nares occupying their primitive position on either side of the vomers, 
welt -developed abdominal ribs, and a similar clavicle and coracoid. The 
remaining bones of the pectoral arch, as well as those of the pelvic girdle and 
appendicular skeleton, are intermediate in form between the corresponding 
|>arts of modern Crocodiles and Rhynchocephalians. 

The Paramchia are accordingly to be regarded as a collective type of reptiles, 
from which the crocodilian stem early diverged and entered upon an indepen- 
dent course of evolution. I^rasuchian remains are more or leas fragmentary, 
and limited to the Trias of Europe, Asia, and North America. 

Bdodoii, V. Meyer {Phijlosaitrus, Jaeger^ (Figs. 309, 310). This is the only 
accurately known genua, and is represented by excellently preserved skulls, 
with portions of the skeleton and 
dermal armour, in the Upper 
Keuper of Stuttgart. It is about 
as large as modern crocodiles, the 
skull attaining a length of 0'7 m. 
External cranial bones pitted and 
rugose ; lateral eustachian passages 
occupying open grooves on the 
basisphenoid ; secondary palate 
'■"I", sio. not develojied. Dorsal armour 

teW™ *Ywri*^S^'/ ('.'(wi?™'M^ wiirtouiberg. consisting of two longitudinal rows 
of large, overhipping keeled scut«s 
with coarse ornamentation ; sides and abdomen covered with smaller, more 
irregular scutes. Detached teeth not uncommon in the Keuper of AA'iirteni- 
berg and Franco nia. Fragmentary 
remains also known from the Trias 
of North Carolina, Pennsylvania, 
Connecticut, New Mexico, Arizona, 
and Utah. 

Stago}udr,pii, Agassiz, Similar to 
BelikloH, but teeth with tumid base. 

Ventral armour consisting of from ^^^^ ^^^ 

(ivo to eight rows of rectangular /■.jjiwrm-i u/,.im v ji^vt UiiwrT.r. ■ kx,\ 
scutes. Elgin Trias. y^v.^. ^..^.. v;.„t«i in„our.'!,, ,.„.,■„. .. 

Parasvchas, Huxley ; J-J/>isco])o- 
siiurus. Cope. These are imperfectly known genera, the former from the 
tiondwana Formation of Maleri, India, and the latter from the New Mexican 
Trias. 

? Psephvfkrmii. v. Meyer (Fig. :m). Known by fragments of dermal 
armour from the Alpine Upper Trias, and formeily referred to Chelonians 
{l>er moclieli/di'ia f ) . 



Sab-Order 2. PSEUDOSUOHIA. Zittel.> 

Prf maxillae reduced ; ttasais very large. External iiares paired, placed far 
formirds ; internal iiures sepurale, in about the middle of lite palate. Orbits lanje, 
lalerallff directed. Parklals and froitlah paired ; postorbiial distincl. Teeth conical, 
deeply socketed, confined to anterior half of the jaws. Vertebrae amphiplatyan ; 
cervical rtfca haidiet -shaped, dovUe -headed. Fare-limh slighllij sitorter than the 
po.'derior ; fifth digit of pes reduced, comprising bid ii single phalanx. Dorsal armcnr 
consisting of a paired series of ol'long sevies. 

AHosaurus, Fmas (Fig. 312). Body lizard-like, longicaudate, with dorsal 
and ventral armouring of radially ornamented scutea ; ventral scutes smaller 
than the dorsal, and almost square. Skull triangular, acuminate in front. 



.l-li-nariiiftrnOw, Fnuu. Uuper Keuper; UoLkIi. iimr Ktutl^rl. Head Hnd nutiTior i»rtiwi nruiiiik, ^:-. 
J. OrUt; D, AuUiibiUI v«uLly ; .V. Nariitl oi>eiiiii)t: .V, Ulrnil tcmpunl vai-iilty (iittrr [ i. rruu). 

Antorbital vacuities large, separated from the large external narea by a narrow 
ascending process of the maxilla. Posterior border of the orbits formed by 
the postfrontal and postorbital, the inferior border by the jugal. Parietals 
and frontaU similar in form and size. Temix>ral region imperfectly known. 
Mandibular rami pierced by a large foramen between the articular and angular. 
Interclavicle blade-like. Twenty -four complete but slightly crushed in- 
dividuals are preserved in the Stuttgart Museum, all on a single slab of 
IStuben Sandstone (Upper Keuper), from Heslach, near Stuttgart. The largest 
of these has a total length of 86 cm. 

JDyoplax, Fraas. Upper Keuper' ; Stuttgart. Typotlurrax, Cope. Trias ; 
New Mexico. 

Orniihosuchus, Newton. Skull pointed in front, very similar to .IrUvsaaniis. 
Orbits large, siipratemporal vacuities small, the lateral ones triangular. Teeth 
slightly recurved, with finely serrated anterior and posterior cutting edges. 
Vertebral contra elongated, with very stout neural spines. Ilium elongated, 
ischium slender, pubis long and rod-like. Elgin Trias. 0. uwdwardi, Newton. 

Erpetosaurus, Newton. Skull narrow and rounded in front. Orbits sub- 
elliptical, directed upwards and forwards, Supia temporal vacuities round, the 

' Liter&ture : 

fnuu, O., Ueber Dya|i1ai arenoceiiK (Wiidt. Jalirwh. vo 
li/,Ul. vol. XXXIll.), ISr?.— .V*H*ii(, £. T., Reptiles from t 
CLXXXV.), 1894. 
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lateral ones triangular, and antorbital opening long and narrow. External 
nares small ; interclavicle blade-like ; dorsal scutes coarsely sculptured. Elgin 
Trias; Scotland. 

8ab-Qrder 3. MESOSUCHIA. Huxley.^ 

SnotU greatly elongated in the earlier forms, short and broad in some of the later. 
External nares unpaired and terminal ; internal nares confluent, opening at posterior 
margin of the secondary palate formed by plates of the maxiUae and palatines, there 
being no outgrowths from the pterygoids. Eustachian passages open grooves on the 
basisphenoid. Parietal and frontal unpaired. Vertebrae amphicodous, or more 
rarely amphiplatyan. Clavicular dements warding. Coracoid elongated, with slight 
perforation. Pubis exduded from acetabulum, and batme on an anterior process of the 
ischium. Anterior extremities pentada^tylcUe ; fifth digit of pes rudimentary. 

The Mesosuchia, which comprise iEill the Jurassic and a few Lower Creta- 
ceous crocodiles, were separated by Huxley from the later Eusuchia chiefly on 
account of differences in the palate, eustachian passages, and vertebral centra. 
In the present group the pterygoids do not develop secondary plates to 
prolong the canal of the nares, which opens at the hinder margifi of the 
palatines ; the eustachian canals are not closed ; and the vertebrae in all but 
the latest forms are amphicoelous. Like the typical Cretaceous and modern 
families, the Mesosuchia comprise both long-snouted and broad-snouted croco- 
diles, the latter, however, not appearing until the Purbeckian. All except the 
latest forms are adapted for an exclusively aquatic life, and are known from 
Europe, Madagascar, Patagonia, and perhaps North America. 

Section 1. Longirostrks. Lydekker. 

Snout greatly produced. Nasals, as a rule, not reaching the premaxillae and 
external nostril. Mandibular rami united in a long symphysis formed by the dentanj 
and splenial. Vertebrae amphicoelous. 

Family 1. Teleosauridae. Zittel. 

Teeth conical, slender, dosely set. Orbits entirely endosed, superiorly or more 
rarely laterally direded, and notably smaller than the subredangular supratemporal 
vacuities. Prefrontals small, lachrymals wdl det^loped. Antorbital vacuities small, 
laterally placed. Anterior limb only about half as long as the hinder pair. Dorsal 
armour consisting of a paired series of broad, overlapping plates; ventral platfsi 
suturally united, forming several m<yre or less irregular series, or a mosaic of small 
polygonal scutes. Jura. 

' Literature : 

cTAUoHf M.f and Burmeistei\, II. ^ Der fossile Gaviale von Boll. Halle, 1854. — Bronn^ H. O.. 
and Kaupy J. J., Ueber die gavialartigen Reptilien der Liasformation. Stuttgart, 1841. — iJol/o. L.. 
PreniiiTe note sur les Crocodiliens de Beruissart (Bull. Mus. Roy. d'Hist. Nat. Belg. vol. II. p. 309 . 
1883. — ^^longcliampsy E. E.y Not^s paleoutologiques. Caen and Paris, 1863-69. — Le Jura Nor- 
mand. Caen and Pari.s, 1877-78. — Deslongcluimps^ J. A. £.j Memoir stir les Tel^osauriens do 
I'epoque jurassique (Mem. Soc. Linn. Norm. vol. XIII.), 1863. — FraaHf E., Die Meerkrokodile 
(Wiirtt. naturw. Jahresh., vol. LVII. p. 409), 1901.— Palaeontogr. vol. XLIX. pp. 1-72, 1902.— 
Ilulki'y J. \y., Skeletal Anatx)niy of the Mesosuchia (Proc. Zool. Soc. London, pt. 4), 1888.-- 
Kokrn, E.y Thoracosaurus niacrorhynchus BL, aus der Tuffkreide von Maestricht (Zeitschr. deutsc-li. 
geol. Ges. vol. XL. p. 754), 1888. — Lortet, Z., Les Reptiles foH-siles du Ba.sKiu du Rhone (Arcl.. 
Mus. d'Hist. Nat. Lyon, vol. V.), 1892. — Sduratje, E., Memoir sur le.s Dinosaurs et les Crocodiliens 
des terrains jurassiques de Bonlogne-aur-Mer (Mem. Soc. Gt-ol. France [2], vol. X.), 1874. — Winck/fr. 
T. C, fitude sur le genre Mystriosaurus (Arch. Mus. Tylere, vol. IV. pt. 1), 1876. 
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The memberB of this family closely resemble modern gaviale i 
general appearance, except that they have smaller heads 
And more weakly developed fore- limbs. The principal 
differences are to be found in tbe characters of the palate, 
eustachian passages, vertebral centra, ventral armour, and 
absence of hypapophyses in the cervical region. 

Mydriosaurus, Kaup. Skull attaining a length of 1 m., 
and total length upwards of 6 m. Snout 
gradually tapering ; orbits superiorly ku^ 313. 

directed. Teeth implanted nearly ver- i-tiagoKmr^uumyaraii., 
tically, with anterior and postenor curcy, cai%'ida>. Pu- 
carinae. Known by complete skeletons l^ly'^at'Si^'ir'n '' 
from the Upper Lias of Wiirtemberg, ^^f.^'"; ^ \"'°t'- 
Franconia, and England. M. bollensis, j^JuksI; «i, HHiiiui: ^f, 
Cuvier; M. ekapmini, Konig. J?,"^iuw: ,^"'''^"'- 



rrf'AMiNiwnid'.MriitO.'L'uvirrHp. llaUHmlkti :lC»iii,Ci1vii<l<ni. 

^rul'iuna: D. MinlLbiiliir viu:'uiey:'<r, ft<nUvy: A. Prmita"; 

.\niM: jia,PuitUl: pi, PulMtn*: ««u, PniiuiillB; )«■/. Pn-, ,,. , , .,^,. , .-^. . 

Snpnt«u|Anl vHpDity : s-, Luii'isl iciDpura] nu:ulty; >y, .■{■jiutinoiiil i f , Traunvana (ectoptryKold) 1 1, »ur- 



Splf iilal ; pa, I'kritUl 

f, Snpnt«u|Anl vhpii;... . . 
iimiiUr (aRf r E. Elealongclwi 



tnaible. A. Orbit : nng, AnsuLiir ; aH, Artli'iilir 1 h,.. »Bni<w«iuiul ; Ivfh, BviHulwiiiiM ; fh, 
D. Minllbuliir vncuiey: <r, tirn\*\y, fr, Proiitat; la, LachniiKl: bu, Maiiflls: im. Xiul : W. 
iritUl: fl, PalMlnr: i»u, PnimiillB; ju-/. rrt^nital : <iii, IJuvlnitp; ifiij. Q'H'Initfl-J'itDl 1 
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Pelagosaunis, Bronn (Fig. .113), Like the preceding, but much smaller, 
the snout tapering more gradually, and orbits laterally directed. Antorbital 
vacuity much reduced or absent; suborbital vacuity in the palate large; 
posterior narial opening of pyriform outline. /'. tyjMS, Bronn, about 1 m. in 
length ; some species 2 m. Upper Lias of Southern Germany and France. 

Steneosaums, Geoff. {Sfiiieodon, v. Meyer). Differs from Mt/striosaums in 
having the posterior narial opening rounded, palatines more expanded, and 
frontal small. Upper Lias to Kimmeridgian. 

Tdeosaurus, Geoff. (Figs. 314, 315). Skull much elongated and narrow; 
snout flattened, thin, with rectilinear edges; teeth curved outwards; orbits 



circulai', superiorly directed. Dorsal scutes longitudinally keeled in sacral and 
caudal regions; ventral armour extending between the limb girdles. Lower, 
Middle, and Upper Jura. T. cadimuiisis, Geoff. 

Aeolodoii, v. Meyer ; Crocodileimus, Jourdan ; Tekidosaiirus, Deslong, Upper 
Jura. 

Faiiiilr 2. Metriorhynohidaa Zlth'l. (Thaliittoiuchia, Fraa».) 

Orhils entirely enrhseil, rhin'jaleii, laterally placed, wtlh sclerolic ring. Prt- 
fronfals large ; nasals hwail, vUlenhtg the siimt region posteriorly ; lachtymaU 
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reduced. Supratemparal vacuities very large. Dermal armour completely obsolete ; 
limbs paddle-shaped. Middle and Upper Jura. 

Metriorhynchus, v. Meyer. Skull elongated and tapering, feebly sculptured. 
Prefrontals unusually large and forming an overhanging ledge above the orbits. 
External nostril large, upwardly directed ; teeth slender, carinated, and slightly 
curved, twenty to twenty-seven present on either side of the jaws above and 
below ; three or four anterior teeth enlarged. Fore-limbs much smaller than 
the hinder pair. Middle Jura. France and England. 

Geosaurus, Cuvier (Cricosaurus, Wagner; BhacheosauruSy von Meyer). 
Lithographic Stone ; Bavaria. ' Suchodus, Lydekker. Oxfordian ; England. 
Plesiosuchus, Owen. Kimmeridgian ; Dorsetshire. 

DaJcosauruSy Quenst. Skull comparatively short and broad ; nasals reach- 
ing the premaxillae ; snout compressed and rounded in front. Teeth large, 
slightly curved, oval in section, smooth, with anterior and posterior carinae ; 
about twenty on each side of the jaw above and below. External cranial 
bones smooth or feebly sculptured ; mandibular rami without lateral vacuity. 
Middle and Upper Jura ; Swabia and Bavaria. Kimmeridgian ; England. 
A complete skeleton of D. maximus, Quenst., 4 m. long, preserved in the 
Stuttgart Museum. 

Family 3. Pholidosauridae. 

Snout long ami narrow, passing abruptly into the facial region. Orbits ovat, 
laterally placed, almost as large as the snprateniporal vacuities, and confluent with the 
lateral temporal fossae. Nasals long and narrow, reaching the posterior tip of the 
elongated premaxillae. Prefrontals of mwierate size. Internal narial opening 
bordered laterally by the pterygoids. Dorsal and ventral armour present. 

The members of this family are known only from fresh-water deposits of 
the Purbeckian, WTealden, and Lower Cretaceous. 

Pholidosaurus, v. Meyer {Macrorhynchus, Dunker). Teeth round or oval in 
section, longitudinally striated, in uniform series of about thirty on each side 
in either jaw. Wealden of England and Nebcomian (Hils Sandstone) of 
Hanover. 

Petrosuchus, Owen. Like the preceding, but internal narial opening 
enclosed by the palatines. Purbeckian ; Dorsetshire. 

Hyhieochampsa, Owen. Imperfectly known. Wealden ; England. 

Section 2. Breairostres. Lydekker. 

Snout short, broad, and rmmded. Xasals usually reaching the premaxillae and 
external nostril. Dentary alone forming the short symphysis of lower jaw ; teeth 
irregular in size and shape. Vertebrae amphicoelaus. 

Family 1. AtopoBauridae. 

Small, lizard4ike crocodiles with broad, triangular skulls. Orbits much lorger 
than supratemporal vacuities. Dorsal armour consisting of a jniirctl longitudinal 
series of oblong plates. Xo ventral armour observed. Upi)er Jura. 

Alligalorium, Jourdan. Total length about 40 cm. External cranial 
bones coarsely sculptured ; hind -limbs longer and more robust than the 
anterior pair. Lithographic Stone ; Cerin, France, and Bavaria. 



A lligaloretlvs, J omd&n (Fig. 316). Total length 22 cm. Cranial bones 
faintly sculptured. Nasals elongated, and apparently dividing the external 




nares. Tail very long ; at least thirty caudals. Lithographic Stone ; Cerin, 
France. 

Aloposaurns, v. Meyer. Tail very long, comprising over fifty caudals. 
Dorsal armour not observed. Otherwise like the preceding. Lithographic 
Stone ; Cerin, France, and Bavaria. 

Family 2. GoniophoUdae. {Mflamosnchia, Hulke.) 

, Small to large-shed crocodiles. Orbits usually smaller than suyratemporal 
weuiiies. Ittlemal nartal opening remtile, at hinder margin of palatines, attd 
bouiuied in part hy the pterygoids. Dorsal armour comprisirtg 
two or more loitgitudiual serifs of overlapping and snmeiimes 
articulating scutes. Ventral sniies stUurally united. Pur- 
beck ian and Wealden. 

Goniopholis, Owen {Diplosaui-vs, Marah ; Amphirotylus, 

f Hyjioaaiirus, Cope), (Fig. 317). Snout moderately long, 

nasals not quite reaching external nostril ; supratemporal 

vacuities larger than the orbits. Twenty-ihree stout 

teeth on each side of either jaw, carinated and vertically 

grooved. Ventral armour consisting of seven to ten 

longitudinal series of polygonal plates united by jagged 

sutures. Skull in some species attaining a length of 

70 cm. (}. simiis, Owen, known by complete skeletons 

fill, 317. about 2 m. long, has limbs of equal size. Purbeckian 

ikw-^Mii linx^i. ow™. ^nd Wealden ; England, Belgium, and Northern Germany. 

Mi'.iiiiv. iNwiriiur jiiirtu.N Upper Jura ; Colorado. 

I*.7w'ri.'r'Mn^»':'^!'ri1a- Bernissnrtia, Dollo. Attaining a length of 1 m. 
tiuUia'"' '*^''''^' """ Supratemporal vacuities smaller than the orbits, nasals 
not reaching the external nostril. Twenty irregular 
teeth on each side of either jaw; fore-limbs much shorter than the hinder 
pair. Dorsal armour with more than two longitudinal series of over- 
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Upping aciiteB ; ventral scutes also overkpping. Wealdert ; Belgium. £. 
fagesi, DoUo. 

Machimosaurus, v. Meyer (Fig. 318). Imperfectly known. 
Teeth obtusely conical, strongly striated. Upper Jura. 

Nannosttchus, Owen. Dwarf crocodiles similar to G&nio- 
pkolis, but with slender, curved, smooth, and more uniform 
teeth. Skull about 10 cm. long. Purbeckian; Dorsetshire. 

Theriosuchus, Owen. Total length leaa than 05 ra. 
General form approaching that of modern crocodiles. 
Supratemporal vacuities smaller than the orbits ; teeth 
tumid and very irregular; mandibular symphysis short. 
Dorsal scutes overlapping and also united at their outer noMl'ii^llli hn i 
angles by peg -and -socket articulations; ventral scutes v. M.>ypr. KnumiTiii; 
polygonal, united by sutures only. Purbeckian; Dorset- liMrHin'olil'vI!"^*'' 
shire. T. pitsUlus, Owen. 



Sub-Order 4. ETTSTTOHIA. Huxley.' 

SiWiU prodveed in s&me forms, (nil vwre commonly broad arul sliorl. Exiemal 
noslril unpaired and terminal ; internal nasal paasaye prolonged and ftooj'ed hy Ihe 
greaily devd(^>ed secondary palate, formed by plates from ike. maxiUae, palatines, 
and pterygoids. Eustachian canals completely enclosed ; vertebrae mostly prncoelous. 
Other characters as in Mesosuchia. 

This group comprises the later Cretaceous, Tertiary, and modern croco- 
diles, among which are some long-snouted forms, but the greater number are 
of the broad-snouted type. As already indicated, they differ from the Jurassic 
Mesostichia chiefly in tike characters of the palate, eustachian canals, and verte- 
bral centra, but as to their genetic relations Palaeontology 
affords no precise information. 

A dorsal armour of bony scutes overlaid by the 
B is always present among Eusuckia, and 
^^^.^,„^^ frequently also a ventral armour. The dorsal scutes are 
Ect^ "^r-*? externally pitted, more rarely radially sculptured, and are 
■^**i'a*3M often longitudinally keeled. The ventral scutes are 
^^•4j,','i»\'?^a flattened, keelless, less prominently sculptured, and some- 
^{^-jt^ j^ y times divided (Fig. 319). 

p,o_ gi9_ The vertebral column comprises about twenty-tive pre- 

. DiiiJeJ viratmi scuu sacral vertebrae, two aacrals, and at least thirty-five caudals. 
umne'-'Bivmn*.''^ *^" decent crocodilcs have all the presacral vertebrae except 
the atlas and axis procoelous, and the sacrals and anterior 
caudals amphiplatyan. There are about nine cervicals. The atlas (Fig. 320) 
is quadripartite, and its unpaired ventral piece («) has been variously 
interpreted ae the centrum, ■ intercentrum, or hypapophysis. The paired 
lateral elements are roofed by a median dorsal piece which abuts against the 

' Literature : 

Ludiciy, Ji., FouiU Krokodilien aus <ler Tertiarfonnation ilea MainierTBeckens ( Palneontagr. 
Supplem. vol. III.). 1877.— f^hkker, R., Siwalik Crocoiiilia, etc. (Pal. Iiulica, ser. X. vol. III. 
p. W9). 1886. — Vaiilanl, L., BtudeB loologiques sur lea Crocodillen* fOKsilts du tertinres (Attn. Sac, 
Giol voL III.), lS72.— Woalmird. A. S., On tlie literature nnd iioiM«idliitnra of British toisil 
Crocodiles (Geol. Mag, [3], vol II. p. *1I01, 1885.— Tlie hiatorj- of ffisail (rroco.lile» (Proc. Geol. 
Amoc vol. IX.), 1886. 
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basiocciput und represents a rudimentary proatlas. The basal piece supports 

ti pair of etyliform, single -headed ribs, directed downward and backward. 

Properly speaking the atlantal 

centrum is represented by the 

odontoid process of the axis. The 

seven succeeding cervicals bear 

strong neural spines, transverse 

processes, zygapophyaes, parapo- 

physes, and frequently also ventral 

I keels or true hypapophyses. The 

ribs borne by these vertebrae are 

all short, hatchet - shaped, and 

double-headed. In the first two 

dorsal vertebrae the parapophyses 

and transverse processes are separ- 

•■''"■ "^ ated by a narrow Interspace, and 

vn^ni ["neiw.T-iv. "n, iJi*iiii^i*-Sl"I.'f'«tLM""'iV.T the latter become more elongated, 

;wX"i'U'^rri^"iit^"ofIiH^L\i''ti!^^^ passing posteriorly (caudal). The 

purapophyses gradually ascend. 

[Mssiiig on to the neural arch in the third dorsal vertebra, and thereafter 

both articular facettes for the double-headed ribs are borne by the transverse 

processes. These facettes continue to approximate, and finally become 

merged with each other in the |>osterior dorsal vertebrae, so that the last 

rib is single-headed. The lumbars, of which there are from four to six, 

have well-developed transverse processes, but are non-costiferous. The short 

and stout sacral ribs are as a rule distally expanded, and suturally united to 

their centra and neural arches. The vertebrae of the anterior half of the tail 

bear moderately developed transverse processes, attached like the sacral ribs to 

the tieuro-central sutures. All except the anterior and a few of the posterior 

caudals bear chevron bones. 

The first and second pairs of dorsal ribs are attached to the sternum, which 
is a large, rhomboidal, cartilaginous plate lying immediately below and 
behind the interclavicle (episternum). The succeeding five to seven pairs 
are connected by means of sternal ribs with the so-called abdominal sternum. 
The sternal ribs aie followed by seven jmirs of abdominal ribs, of which the 
[wsterior is the most strongly developed, and unites with the pubic cartilage. 
Cartilaginous uncinate processes are borne by the dorsal ribs. 

The external cranial hones are almost always coarsely sculptured. The 
oval or rounded orbits, which in the preceding sub-orders are invariably 
enclosed by hone, are here confluent with the lateral temporal vacuities. The 
size of the hitler is usually in inverse proportion to that of the supratemporal 
vacuities, and the latter as a rule are smaller than the orbits. The parietal 
and frontal are unpaired in the adult condition, and there is never a parietal 
foramen. The squamosal is a triangular bone forming the postero-extcmal 
border of the BUprateni|)Oral vacuity. Postfroiitals, prefrontals, and lachrymals 
are all variable in size. The nasals are long, triangular bones, usually reaching 
the ]>ren)axilliLe, an<l sometimes even the external nostril in front, and applied 
agiiinst the acute median process of the frontal posteriorly. The nostril 
opening is undivided, terminal, and enclosed by the short, paired premaxillae. 
The ipiadrate is broad and immovably uniteii with the surrounding elements. 
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The under side of the skull ia characterised by a great development of the 
secondary palate, formed by horizontal expansions of the premaxillae, maxillae, 
palatines, and pterygoids, and pierced by a moderate or large-sized infraorbital 
vacuity. This extensive roofing of the buccal cavity conceals the vomers and 
causes the internal opening of the nasal passage to be displaced far backwards, 
at the posterior border of the pterygoids, whereas in 
the AfesosMkia the opening is never further remote 
than the hinder margin of the palatine plates (cf. 
Fig, 313 with Fig. 321). A transverse bone {ecto- 
pterygoid) is present, connecting the pterygoids 
with the maxillae and jugal (Fig. 321, T). Modern 
gavials exhibit in the adult a pair of bulbous out- i 
growths (bu) of the palatines which communicate j 
with the nasal passage and function as air- reservoirs. 
The mandibular ramus is composed of the usunl 
six pieces, one of which, the articular, is pneumatic, b 
A large foramen communicating with the inner 
cavity of the jaw is almost invariably present p^j j^j 

between the angular, surangular, and dentary. ,;„>(,(,■, a„„,,iuu,, g^-oict. 
The symphysis is formed by the latter element ^^'Jj^'j [,^'|"'"o( ^u "iuuiini 
alone in the broad-nosed forms, by the dentarv and ensurhiBn «<rondiiry p«i«t". '«. 
splenial together among the longirostrate species. Qimmben^ <-a, Posterior iinns; j. 
Numerous conical teeth of oval or circular cross- i,"*'^.^rytfoi.i'"'/ir ' qhw^w '"V 
section, smooth or striated, and freijuently carinated, Kioi.irryuoiii : >, upeninKof hhu- 
are implanted in deep alveoli along the margin of 

the jaws. They are often irregular in form and size, but their number remains 
constant for particular 
species, and in many cases 
also for the genus. 

In the pectoral arch 
clavicles are wanting. The « 

scapula is elongated and 
expanded at either end, 
as is also the coracoid. 
The latter is thickened in p 
its proximal portion, and " 
pierced by a round fora- i-:--' 
men. The humerus is 
Cm. sfi stout, slightly curved, and i' 

■I mum*'i}'iKl^'"l' Pubis. exhibiu near the head a 

■ ' ' ' ' conspicuous process as ;c 

well as a deltoid crest. Its distal end is furnished with two ,, 

facettea for the bones of the second segment, of which the ;;/ 
ulna is generally somewhat the longer (Fig. 323). The 
proximal row of the carpus contains two elongated elements i . r ■ ii h a 

(radiale and ulnare, both constricted in the middle), and a cr.«<.iiif. ii. nndia»; 
small pisiforme to which the fifth metacarpal is attached by ,.a'jini"r 'r- Piiif"!'.'^; 
ligaments. The two radial digits are slightly stouter than jL.r'oi'.°t',."' *■'"""■ 
the three ulnar. 

Of the three elements of the pelvic arch (Fig. 322), the pubis is excluded 
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from the acetabulum, and borne on a promiDent anterior process of the 
ischium. The pubis is more or less spatula-shaped ; the ischium resembles the 
scapula; and the ilium is a strong bone with curved upper margin, and 
extended antoro-posteriorly. Its enlarged anterior portion is attached to the 
sacral ribs. The femur is longer and more slender than the humerus, and 
without an inner trochanter ; tibia and fibula are of about equal proportions, 
^bere are two rather large proximal tarsals, a calcaneum (libulare) and 
astragalo-scaphoid, the latter representing the coossified tibiale, centrale, and 
intermedium. Two bones are likewise present in the distal row, of which the 
cuboid is the larger, and supports the third, fourth, and the rudimentary fifth 
metatarsal. The three inner digits of both pes and manus are pi-ovided 
with claws. 

A longirostrate section of Eusueliia is constituted by the gavials, which 

correspond to the mesosuchian Teleosaurs, and may possibly have been 

descended from them. Modern crocodiles and alligators form the breviroetrate 

section, but between these types are some 

annectant fossil forms, such as Tomisloma, etc. 

Family 1. 
Tomlstomldae {Rhyndioeuchidae, Huxley.) 

StwvI muck prodiKed, passing gradually mlo the 
facial region. Nasals long and narrow, their anterior 
ends inlerealated between slender processes of Ike pre- 
inaxiHae, but not reaching the external nostril. J're- 
fronials small, lachrymals large. Orbits irregidarly 
owl, nearly as large as, or larger than the supra- 
temporal vacuities, and confiuetU wUh the lateral 
temporal fossae. Ventral armour absent. Upper 
Cretaceous to Kecent. 

Thoracosaurus, Leidy {Spheiwsavrus, Ag.). 
Premaxillae spatulnte in form, lachrymals un- 
usually large. Supratemporal vacuity trans- 
versely oblong, slightly larger than the orbits ; 
small antorbital vacuity present. About twenty- 
four curved teeth on either side in each jaw. 
Upper Cretaceous ; New Jersey, Holland, and 
France. 

Holops, Cope, Like the preceding, but 

without antorbital vacuity, and orbits of equal 

size with supratemporal vacuities. Upper Cre- 

*"'"' ^*- - taceous ; New Jersey. 

K«ii'"M?urpiiT"K((BSi're. nalr Honi, Tomlsloma, Miillcr (BkyncJiosuehus, Huxley, 

t"nehn ^iTl-r-^^ "'"'"■ '''"■ Gftvialosuchus, Toula and Kail), (Fig. 324). 

Orbits almost twice the size of supratemporal 

vacuities. Parietals small, lachrymals moderately developed. About twenty 

teeth on either side in each jaw. Miocene ; Hungary, Malta, and Sardinia, 

and Recent in Borneo. 
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Family 2. Oavlalidaa. 

Siwui produced into a long, narrow rostrum, awl passing ahruplly into the facial 
region. Nasals separated from premaxillat by a wide interval. MandUmlar 
symphysis extended. Teeth numerous, approximately uniform, slightly curved, 
acuminate, and finely striated. Tertiary and Recent. 

Oavialis, Oppel (Leptorhynchus, Clift; Bkampko^oma, Wagler), (Fig. 321). 
Recent in India and Bunnah. Fossil in Pliocene of Siwalik HilU, India, 
where it accompanies the gigantic and closely allied Bhampkosuchus crassidens. 
Falconer and Cautley (total length IS m.}, and possibly also present in the 
Eocene of Sussex. 

Leplorlutmphm, Oxyd/mtosanrus, Ameghino. Tertiary ; Argentina. 

Family 3. Alllsatorldae. 

Snout broad and short. Orbits larger than supratemporal vacuities, and contei- 
minous teilh the lateral temporal fossae. Mandibular symphysis short. Teeth 
irregular ; the antericrr tooth of louier jaw alvMys, and as a rule also the fourth 
tooth, fitting into pits of the upper jaw. Suture between maxillae ami premoxUlae on 
the palate either transverse or convex toward the front. Dorsal armour consisting of 
more than two rows of 
scutes, either ariiculaied 
together or lying free in 
the inlegameM; cervical 
scutes separated from 
the dorsal. Ventral 
armour, when present, 
comprising numerous 
series of articulated 
acuUs, each of which 
consists of two pieces 
united by suture. Upper 
Cretaceous to Recent. 

In alligators the 
lower teeth bite en- 
tirely within the 
upper, and the first 
and fourth lower teeth 
are received into pits 
of the upper jaw ; but 
in crocodileB the upper i„,, sjj. 

and lower teeth mUtU- l>i',>l..'v'">'n» ^-nU: A^nginl. IllliDKcue ; Hoaiou. iiHir Ix Puy. KniirH. 

ally interlock, while '^^^yu,t]fj^''M'Jxinl^s,''Ext^nMn^^^^ 

the first lower tooth ^'"^^'^^i^'; I'^/tl'^fmnWh ^l/, l^>-lfl^|^ul; .SSiipruU-mpoial vkwij; ,.,: 

bites into a perfora- 
tion or pit in the cranium, and the fourth into a lateral notch. Modern 
alligators inhabit the warmer regions of North America and China, and fossil 
remains occur in the fresh-water. Cretaceous and Tertiary of both Europe 
and America. 

DiplocywHlm, Vomel (Figs. 319, 325). Third and fourth teeth of lower 
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jaw equally, enlarged, and either both received into pits of the upper jaw, or 
the fourth passing into a marginal notch between the maxillae andpremaxillae. 
Dermal armour strongly developed. Abundant in Upper Eocene. Oligocene 
and Miocene of England, France, and Germany. 

BoUosauruSf Agassiz. Imperfectly known, but with alligator-like dentition. 
Upper Cretaceous ; New Jersey, Colorado, and Montana. 

Alligator, Cuvier. Eecent ; North America and China. Caiman, Spix ; 
Jacare, Gray. Central and South America. 

Family 4. Crocodilidae. 

Skull anteriorly compressed. Orbits larger than supraiemporal vacuities, confluent 
with the laieral temporal fossae. Teeth irregular, eighteen or nineteen in the upper^ 
and fifteen in lower jaw on ea^ side, the two series mutually interlocking. Anterior 
tooth in lower jaw received into a pit, and fourth tooth fitting into a marginal notch (or 
pit). Suture between maxillae and premaxUlae on tJie palate transverse or concave in 
front. Dorsal armour comprising more Uian two rows of scutes lying free in the 
integument ; ventral armour wanting. 

Crocodilian remains occur extensively in the fresh-water Upper Cretaceous 
and Tertiaries of Europe and North America, and in the Pliocene of India. 
Recent species are distributed in tropical Africa, East India, New Guinea, 
South America, and Cuba. The typical genus Crocodilus, Laurill. (Figs. 320, 
322, 323), is divided into a number of sub-genera, and is met with in the fossil 
state as early as the Upper Cretaceous of Europe. 

Range and Distribution of the Crocodilia. 

The earliest remains referred to this order occur in the Trias of Germany, 
Scotland, North America, and India. They are all extremely generalised 
forms, belonging to the sub-orders Parasuchia and Pseudosuchia, and {)osses8 a 
number of characters in common with Dinosaurs, Ehynchocephalians, and 
Lacertilians. Many of the Parasuchia, in fact, are referable to Dinosaurs with 
as much propriety as to Crocodilians. 

True crocodiles, represented by the Mesostichia, appear rather suddenly in 
the Lias of England, France, and Germany, and persist essentially unmodified 
throughout the Jura. In none of them is the secondary palate developed 
back of the posterior margin of the palatines, there being no outgrowths from 
the pterygoids, and the vertebrae are amphicoelous, or at the most amphi- 
platyan. Their universal occurrence in marine deposits, the nature of their 
fossilised stomach contents and coprolites, and their general organisation, 
prove them to have been adapted for an exclusively aquatic existence. The 
earliest forms are all of the longirostrate variety, and it is not until the Upper 
Jura that short- and broad-headed genera with small supratemporal vacuities 
are initiated. Owen has suggested that the appearance of the latter is corre- 
lated with the incoming of warm-blooded prey, and points to the association 
of dwarf crocodiles in the Purbeck with small mammalian remains. 

Toward the close of the Jura changes in external conditions seem to have 
created a new environment, for in the Purbeckian and Wealden remains of 
crocodiles are accompanied for the first time by' fresh-water and terrestrial 
forms, and the indications suggest a fluviatile habitat. In the Wealden are 
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found a few detached crocodilian vertebrae of the procoelous type, but it is 
not until the Upper Cretaceous that typical Eusuchia with extended secondary 
palate and closed eustachian passages become dominant. The Eusuchia^ 
like their Jurassic forerunners, comprise both long- snouted and broad- 
snouted genera, but whether the gavials were derived independently from the 
modern crocodiles and alligators, or all are traceable to a common Mesosuchian 
ancestor, is still uncertain. During the Tertiary, alligators and crocodiles 
prevailed both in Europe and North America, only becoming extinct in Europe 
during the Pliocene. The alligators, which appear to have surpassed crocodiles 
in the Old World, and to have been inferior to them in number in the New, 
are now restricted to the warmer regions of North America. Eemains of both 
gavials and crocodiles occur in the Tertiary of India, among which are com- 
prised the most gigantic members of the order (Bhamphosuchus), 

Order 8. DINOSAURIA. Owen.^ 

(FachypodeSy Owen ; Ornithoscelida^ Huxley.) 

Long-necked and long4aUed reptiles, usmdhj of considerable and sometimes of 
gigantic size, with limbs adapted for habitual support of tfie body, Investin/j bones 
of the temporal region of the skull contracting into an upper and a lower temporal 
arcade, and the large quadrate firmly fixed. No pineal foramen. Teeth thecodont, 
confined to margin of the jatv-bones, Fertel/rae opisthocoelous or amphiplatyan, rarely 
amphicoeUms, sometimes hollow or with deep lateral cavities ; sacrum comprising from 
two to ten anchylosed vertebrae. Ribs dmiUe-lieaded. Sternmn inc^mipletely ossified, 
clavicles and precoracoid absent, SrapiUa very large, sometimes coOssified with the 
perfarale and anteriorly rounded coracoid. All three pelvic elements entering the aceta- 
bulum. Ilium large, antero-posteriorly eoct ended. Ischia mually slender and elongated, 
frequently united in a median symphysis. Pubis directed downwards ami forwards, 
sometimes developing a postpubic process extending backwards parallel with the ischium, 
Foredimbs shorter than the hinder pair ; progression very commonly bipedal. 

The order Dinosauria comprises Mesozoic reptiles which are extremely 
varied in organisation, and exhibit a number of rhynchocephalian, crocodilian, 
lacertilian, and even ornithic characters, the latter due chiefly to homoplastic 
or parallel development. Among the latter, as first noticed by Gegenbaur, 

^ Literature : 

Baur^ (?., Der Tawiis der Vugel uiid Diuosaurier (Morph. Jahrb. vol. VIII. p. 417), liS.s3. — 
BemerkQDgeu tiber das Becker der Viigel uud Dinosaurier {ibid. vol. X. p. 613), 188.">. — Remarks on 
tbe Reptiles generally called Dinasauria (Anier. Nat vol. XXV. p. 434), 1891. — (^(fpe, K. />., 
Palaeontological Bulletins Nos. 22-28, in Proc. Amer. Phil. Soc. 1876-77. — hoUo^ Z., Note» snr les 
Dinosauriews de Bemissart (Bull. Mus. d'Hist Nat. Belg. vols. I. -III.), 1882-84. — //wMr, J. ]!'., 
Presidential Addresses (Quar. Joum. GeoL Soc. vols. XXXIX., XL.}, 1883-84.— ////.//^y, T. It., Un 
the Animals which are most nearly intermediate between birds and Dinosaurs (Proc. Roy. .Soc. 
p. 278), 1868. Also Ann. Mag. Nat Hist. [4], vol. L (1868), p. 22().— Further evidence on the 
attinity between the Dinosaurian Rej)tileH and Birds (Quar. Joum. Geol. S<jc. vol. XXVII. p. 12^, 
1870. — On the classification of the Dinosauria {ibid. p. 32). — Marsh, O. C, Numerous t-oiitributious 
in Amer. Joum. Sci. [3], vols. XVI.-L. 1878-96.— The Dinosaurs of North America (16th Ann. Rt-p. 
U.S. Geol. Surv.), 1896. — Mehnert, E., Untersuchuugen lilK*r <lie Entwickelung des os pubi>i der 
Vogel (Morph. Jahrb. vol. XIII. p. 239), 1888.— Oa^arw, U. F., Dinosaur Contributions Nos. 1-3 in 
Bull. Araer. Mus. Nat. Hist. vols. X.XII., and Memoirs, vol. I. pt 5, 1898-99. — Reconsideration of 
the evidence for a common Dinosaur-avian stem in the Permian (Amer. Nat. vol. XXXIV. p. 777), 
1900. — (hoem^ R., A history of British fossil Reptiles [Reprint from the publications of the 
Palaeontographical and other Societies], London. 1849-84. — i:keley^ If. f/., On the claxsiiication of 
the Dinosauria (Proc. Roy. Soc. vol. XLIII.), 1887. 
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the close junction of the astragalus with the tibia, or tendency to form a 
tibio-tarsus, is an avian resemblance common to the majority of Dinosaurs. 

While, on the one hand, the cleft between Dinosaurs, crocodiles, and 
lacertilians is bridged by the Rhynchocephalian Proterosaurs {Proganosauriay 
Baur), on the other it may be regarded as altogether probable that birds 
have come down to us from a primitive (perhaps bipedal?) Dinosaur- avian 
stem which sprang off from a FcUaeohatieriaAike ancestor in the Permian.^ The 
earliest known Dinosaurs {Theropoda) of Triassic age are shown by their limb 
structure and footprints to have been mainly bipedal in gait, and by their 
dentition to have been of carnivorous habits ; of the herbivorous Dinosaurs 
(Sauropodu and Predeniata) which range throughout the Jura and Cretaceous, 
some must have been bipedal and others quadrupedal. The culmination of 
Dinosaurs occurred during the Upper Jura and Cretaceous, in the interval 
between the decline of Theromorph reptiles and the dominance of the 
Mammalia. During their period of ascendency numerous hypertrophic 
forms were evolved, which attained proportions far exceeding those of all 
other known terrestrial creatures. Over-specialisation having run its course, 
a rapid decline and extinction followed. 

A bony exoskeleton is developed to some extent among certain of the 
Theropoda and Predentata, but in the majority of Dinosaurs the skin was 
either naked or protected by horny scales. The dermal armour, when 
present, consists either of isolated bony plates or spines, or of interlocking 
scutes which form a continuous shield encasing portions of the trunk and tail. 

The vertebrae are usually either amphiplatyan or opisthocoelous, more 
rarely amphicoelous. There are nine to fifteen cervicals, ten to eighteen 
dorsals, usually from two to six, but sometimes as many as ten, fused sacrals, 
and thirty to fifty caudal vertebrae. The union between the centra and 
their neural arches is commonly by suture. In the anterior cervicals the 
neural spines are generally short or rudimentary, and gradually increase in 
size toward the thoracic region. The atlas and axis, so far as known, exhibit 
a construction similar to that in crocodiles. All the succeeding cervicals bear 
double-headed ribs, of which the capitulum is attached to the parapophysis of 
the centrum, and the tuberculum to the transverse process of the neural arch. 
In the dorsal region the parapophyses mount upward from the centra on to 
the sides of the neural arches. Single-headed ribs do not occur. 

Among the Theropoda and Sauropoda the posterior dorsal vertebrae articu- 
late with one another not only by zygapophyses, but by a hyposphene- 
hypantrum arrangement. The hyposphene facette is a vertical or wedge-shaped 
projection occurring on the posterior end of the neural arch below and 
continuous with the post- zygapophy sis. It is received into a corresponding 
groove, or hypantrum, on the anterior face of the next vertebra behind. This 
arrangement is similar in function to the zygosphen-zygantrum articulation 
among Ophidians, except that the relative positions of pegs and sockets are 
interchanged. The sacral vertebrae, which vary from two to ten in number, 
are fused together ; and the chevron bones of the caudals are articulated 
intervertebrally. 

The skidl of most Dinosaurs is extremely small in proportion to the rest 
of the body, more so in BrorUosauruSy in fact, than in any other reptile, and 

^ Oshoni, H. F.J Reconsideration of the evidence for a common Dinosaur-anaai stem in the 
Permian (Amer. Nat. vol. XXXIV. p. 777), 1900. 
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the brain cavity is exceedingly diminutive. The latter, in proportion to the 
size of the head, is smaller in Triceratops than in any known land vertebrate. 
Ajnong the Theropoda and Fredentata the long axis of the skull is approxi- 
mately at right angles to the neck, but in the q\ia.drupeda,\ Sauropoda it 
continues the line of the vertebral column. The large orbits are laterally 
directed, and between them and the paired narial openings is frequently an 
antorbital vacuity, as in crocodiles, pterosaurs, and birds. The temporal 
vacuities are completely enclosed, and vary considerably in form and size. 
The large quadrate is prominently exposed, and suturally united with the 
squamosal and quadrato-jugal. The paired premaxillae are rather extensively 
developed, and either provided with teeth, or edentulous and beak-like. 

The inferior aspect of the skull is similar in a general way to that of 
Rhynchocephalians, except that there are no teeth on the palate. The 
mandibular rami are united in a cartilaginous symphysis, and in the Fre- 
defUaia a crescentic, edentulous, predentary bone is developed in front of the 
mandible, the sharp margin of which appears to have been sheathed in a 
homy beak. Teeth are confined to the margin of the jaws, and are either 
deeply socketed or implanted in an alveolar groove open on the inner side of 
the jaws. 

In the pectoral arch clavicles appear to be wanting, and the sternum is 
imperfectly ossified. The scapula is very strongly developed, and usually 
much elongated. The coracoid is flattened, with more or less rounded 
anterior margin, and pierced by a foramen near its articular border. Some- 
times the scapula -coracoid elements are fused at their proximal ends, as 
in birds. 

The bones of the appendicular skeleton are sometimes very massive, in 
other cases delicate and hollow ; and the disparity between fore- and hind- 
quarters is often very considerable, indicating that the presacral region was 
ordinarily lifted from the groimd. The humerus in most cases is inferior in 
length to the scapula ; the radius and ulna are strongly developed, and 
always separate. The carpus is often incompletely ossified, and the number 
of metacarpals is sometimes reduced to three. The digits are short, and 
the ungual phalanges either hoofed or claw-shaped. 

Many remarkably avian-like characters are to be observed in the pelvic 
arch and bones of the hind limb, especially among the Predentala. The ilium 
is depressed and more or less extended antero-posteriorly ; moderately so in 
the triradiate type of pelvis (Theropoda), very much so in the quadriradiate 
type (Predentala), The long ischia extend backwards and downwards, and 
usually join in a median ventral symphysis. The pre-acetabular process of 
the ilium (spina Uiaca) which serves for the attachment of the pubis, extends 
further downward than the post-acetabular or ischial process, as in birds. 
The acetabulum itself is partly open, and the sacrum is partly ornithic, partly 
reptilian. 

In the Theropoda the pubes are long and slender, and fused in an extended 
ventral symphysis. Among the Sauropoda they are shorter, stouter, and 
broader than the ischia, directed simply downwards and forwards, and united 
distally in a median cartilaginous symphysis. In the Predentala (Fig. 326) the 
pubis is long and broad, but does not join its fellow in the median line in 
front. At its base, underneath the acetabulum, it gives off a long and slender 
process known as the post-pubis, which is directed downward and backward 
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parallel with the almost equally slender but somewhat longer ischium. Although 
this post-pubic process is suggestive at first sight of the pubis of birds, it has 

been demonstrated by the em- 
bryological researches of Bunge * 
and Mehnert * that no homology 
between these structures existp. 
The avian pelvis is in its earliest 
stages of development triradute, 
like that of the primitive Thero- 
podous Dinosaurs, and the pubis 
is directed forwards as in rep- 
tiles. Later the pubis becomes 
secondarily shifted backwards, 
parallel with the ischium, and 
the processus Uiopedineus must be 
regarded as a secondary struc- 
ture peculiar to birds, with 
which the pubis of Dinosaurs 
has, of course, no homology. 
The post-pubis of the Predentaia 
is accordingly to be interpreted as a special or adaptive modification, probably 
correlated with the function of the tail in balancing the body in locomotion, 
or while resting on its hind quarters. 

The /(gmwr usually exceeds the humerus in length, and is placed vertical 
to the body, with its head extending inward into the acetabulum, as in birds. 
DoUo has shown that the femur of Iguanodon, with its large foui'th trochanter 
(a process which is distinct from the " third trochanter " of mammals), is con- 
structed more upon the avian than reptilian type, and indicates a powerful 
caudo-femoral musculature. Still other ornithic characters are exhibited by 
the tibia, which possesses a large procnemial crest, and is often completely 
embraced by the astragalus at its distal end. In the Stegosaurs these elements 
are fused, but in most of the carnivorous Theropoda the astragalus bears an 
ascending process, which is opposed to the anterior face of the lower end of 
the tibia, exactly as in Pterosaurs and young Ratite birds. The fibula is 
complete, the proximal tarsals are two in number (astragalus and calcaneum), 
and the distal two or three, tarsalia i-iii, being usually fused into a single 
piece. The hind foot is either tridactyl or pentadactyl, but all five metatarsals 
are commonly indicated, even when the number of functional digits is 
reduced. 

Dinosaur remains were first discovered in the English Upper Jura and 
Wealden during the early decades of the last century, and were described by 
Buckland and Mantell in 1825. Owen, in 1841, erected for them the order 
Dinosauria, and much additional light was shed on their structure and relations 
by Huxley, Marsh, and Cope prior to 1875. Avian resemblances were first 
pointed out by Gegenbaur in 1864, who observed that the tibio-tarsus of 
Compsognathus is decidedly bird-like. In this form also was detected the only 



* Bunge^ A.^ Zur Entwicklungsgeschichte des Beckengiirtels der Amphibien, Reptilien nnd 
Vogel. Dorpat, 1880. 

* Mehnrrt^ E.^ Ue])er die EDtwlcklung des os ))elvi8 der Vogel (Morphol. Jahrb. vol. XIIL 
p. 259), 1888. 
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knowD evidence of viviparous habits among Dinosaurs.^ During the last 
quarter of the nineteenth century an abundance of well-preserved remains was 
brought to light both in the Old World and in the New, which lent a fresh 
impetus to their study. The division of the group into three sub-orders — 
Theropoda, Sauropoda, and Fredentata — was first proposed by O. C. Marsh. 



Sub-Order 1. THEBOPODA. Marsh.^ 

Carnivorous Dinosaurs with small cranium, tlie long axis of which is approximately 
at right anghs to that of the nerk. Margin of the jaws provvled with laterally com- 
pressed thecodont cutting teeth. Brain-case incompletely ossified; antorhiial vacuity 
large. Mamlihidar ramus without coronoid process, ami usually pierced by a lateral 
foramen in its hinder half Vertebral centra hollowed, the cervical s flattened in front, 
and c/)ncave behind ; post-cervicals amphiplatyan or slightly amphicoelous. Sternum 
unossijied ; acetakdum perforate, Pvhes slender, projecting simply downwards, and 
united distally, like the ischia, in a symphysis which is often much extended. Post- , 
pubic process not developed. Limb bones hollow, fore-limbs considerably shorter than the 
hinder pair ; digits three to five in number, provided with prehensile daws ; hind feet 
digitigrade. Femur with inner trochanter; astragalus with ascending anterim process. 

The Theropoda were carnivorous land Dinosaurs provided with clawed 
digits, and varying excessively in size. Compsognathus, the smallest known 
Dinosaur, was no larger than a cat, and Megalosaurus attained the size of an 
elephant. In outward appearance these animals must have been very 
grotesque, owing to their habit of stalking about on their hind limbs, or possibly 
even leaping in kangaroo-fashion (Hallopus), with the forward part of the body 
lifted from the ground, and balanced by the ,p)owerfully developed tail. The 
latter may have served in some cases also for a swimming organ, as well as a 
support for the animal when resting on its hind quarters and j>elvic symphyses. 
The skeleton of many Theropoda was of very delicate construction, the vertebrae 
being often, and the limb bones always, hollow. 

The skull is known in comparatively few genera. It is similar in the 
main to that of the Sauropoda, but the brain-case is incompletely ossified, and 
the sutures are often indistinct. The elongation of the cervical vertebrae is 
an ornithic character, as pointed out by Cope. All the vertebrae of the neck, 
except the atlas, are concave behind, but usually flattened on the anterior face 
of the centra ; they are longer than the dorsals, and their neural spines are 
only moderately developed, indicating a less powerful musculature than among 
the Sauropoda, The cervical ribs are long and nearly straight, one of their 
articular heads being attached to the centrum, and the other to the neural 
arch. Each sacral rib is attached to two vertebrae ; the caudals are without 
ribs, but chevron bones are strongly developed. Megalosaurus and Compsognathus 
are remarkable for the possession of abdominal ribs. 

J Marsh, O. C, Amer. Jouriu ScL [3], vol. XXI. (188U p. 340. 
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DedcTigchamps^ E. E.^ Memoir sur le Poikilopleuron Bucklandii (Mem. Soc. Lino. Norm, vol, 
VI. p. 36), 1838.— .Vn/^/rt, E. T, Oii Oruithosudius, etc. fPhil. TraD«. vol. CLXXXV. B, p. 686), 
1894. — Osbom^ H. /*., Fore and hind limbH of Cariiivorou** DiiionauP! from the Jura.H.sic of Wyoming 
^BalL Amer. Mas. Nat. Hist, vol. XIl. p. 161), 1M98.— /VuV/*)/*, y., <;«/>Iogy of Oxford and the 
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' In the pectoral arch the scapula is longer and stouter than the humerus, 
the coracoid is more or less crescentic or semicircular, and there is no ossified 
sternum. The fore-limbs are small, the carpus is, as a rule, incomplet«ly 
ossified, and the clawed digits are of only moderate size. In the pelvic arch 
the ilium is low and aiitero-posteriorly extended, the post-acetabular portion 
lower and more elongated than the pre-acetabular, and the acetabulum itself 
is perforate. Both the pubes and ischia meet iu ventral symphyses, which are 
often much extended, and apparently served as a support for the body when 
in a crouching or sitting position. The structure of the massive hind limbs 
indicates that progression was mainly bipedal and digitigrade. The proximal 
tarsals tend to form a tibio-tarsus, and in most genera the astragalus bears an 
ascending process, which is immovably applied against the anterior face of the 
tibia, as in young ostriches. Theropoda first appear in the Trias, and become 
extinct in the Cretaceous. 

Family 1. Mesalosaurldae. Huxley. 

Veilehrof svlid and amphiylalyan, except the cervkats, which are opisthoewlous. 

Pnbfs hug, prnjfiing simpti/ ditwnwaTds and ftyrwards, and uiiUed in an extended 

ivntral si/mphysis. ExtremUies peniadadyl, hut the inner 

and outer digits frequently rudimentary. Trias to 

Upper Cretaceous. 

Zaiulodon, Flien. (Plaleosaums, Teralosaurus, 
Smilodon, v. Meyer; Gresdyosaurvs, Rutim.). Teeth 
with serrated anterior and posterior cutting edges. 
Vertebral column comprising at least sixty vertebrae, 
three of which are sacral. Limb bones stout. 
Keuper ; Wiirtemberg. Z. laevis, Plieninger. 

Dimodvsaurus, Pidancet and Chof. Keuper; 
Poligny, France. Cladyodon, Owen ; Thecodoniosaurvs, 
Palaeosaurus, Biley and Stutch. Trias ; Bristol, 
England. Hnchitrema, Sauvage. Rhaetic ; Autun, 
France. Epicampodon, Huxley. Trias ; East India. 
Euscelosauras, Huxley. Trias ; South Africa. These 
are imperfectly known genera allied to Zandodon. 

Anckisaurus, Marsh (Fig. 327). Skull remark- 
ably bird-like, with very large orbits and antorbital 
vacuity ; narial opening relatively small ; supra- 
temporal vacuity subrectangular. Quadrate inclined 
steeply forwards. Teeth numerous, nearly uniform, 
and closely set. Fore-limb about two-thirds as 
large as the hinder pair, with only three clawed 
''"i"^-^- digits, the fourth and fifth rudimentary. In the 

TrLii»''*)i'uiK'iH>'i.T"'(iIi'm?'*"''' P**^ ^^^ ^^^^ digit is reduced, and the first much 
Dor-ni wi-wt of riiliit hinrt fo..i. shorter than the rest. Total length slightly exceed- 
Kibnii; I, TiW : J... '4. hi^iui ing 1 m. Trias; Connecticut. 

ut«is; t-v,ni^u(>.n.r)i«si,). Jmmosauras, Marsh ; Baihygnathvs, l^taAy; Ardo- 

saurtis, Adams : ( Vjisiisiiiinis, Lea. Represented by fragmentary remains from 
the Trias of North America. 

Ceratusaurus, Marsh (Figs. 328, 329). Skeleton 4-5 m. long, skull 
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relatively very large and delicate. Nasal bones long, fused, and supporting a 
large median horn-core ; prefrontals laterally swollen and partly overhanging 



h 
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the orbits, which are inferior in size to the lateral temporal vacuities. 
Cervical vertebrae strongly opisthocoeloue, flattened in front. Tail long, 
compressed and deepened in its anterior portion, as indicated by the long 
neural spines and chevron bonee. Pelvic elements 
fused at the acetabulum ; pubic and ischial sym- 
physes expanded. Fore - limbs very small, and 

_^.L c — -=■— ts (i-iv) each bearing a claw. 

; astragalus not fused with 
the tibia, but bearing a large 
ascending process. Digits 
Nos, I and V wanting in the 
hind foot ; metatarsals fused 
together (pathologically ?) 
and with the distal tarsals. 
Dermal ossifications observed 
in the neck region. Upper 
Jura ; Colorado. C. luisi- 
cornis. Marsh. 



U)i|ier Jun; Oolondo. 



Allosaurus, Marsh (Fig. 330). Skull unknown. Vertebrae and appen- 
dicular skeleton resembling CeratosaurMS, except that the pelvic elements and 
metatarsals are not fused. Upper Jura ; Colorado. 

Labroiaurus, Marsh, Upper Jura ; Colorado. Streplospoiidi/lus, v. Meyer, 
Upper Jura ; Northern France and England. 

Metialosaunis, Buckland {PoikUopUnron, Deslong.), (Fig. 331). Teeth with 
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serrated ttiiterior and posterior cutting edgea. Cervical vertebrae slightlr 
/, opiathocoeloUB. Femur I ni. and 

acapnia OS m. long. Hallux direct«d 
inward as in Apteryx, and with a com- 
plete functional phalanx and claw. 
Abdominal ribs present. Lias to 
alden ; Europe and North 
America. 

Laelaps, Cope 
(^DTyploaavTus, 
Mareh). Skull 
and femur each 
about 0'6m. long; 
prefrontal form- 
ing a BUperciliarr 
crest; orbit 
_^ scarcely separated 

y"^ j^j^ from antorbital 

vacuity. Teeth 
and other char- 
acters similar to 
Megalosaarvs. 
U ppe r Cretaceous ; 
Montana. 

Hypsirophm, 

Cope ; Omitho- 

«i- mimiis. Marsh ; 

BngUnd! sauTus, Leidy. 

"' " " ' "" Known by frag 

mentary remains from the Upper Cretaceous of North America. 



Family i. Oompsognathlda«. Huxley. 

Verlebme and livili bows hoUoK. Vermcai vertebrae slightly opisthocoeUna, posf- 
cervkals ampkiplatijan. Neck long and flexible; cervical rUis styliform. Pvles 
stonl, isehiti shorter and more slender. Femur shorter than iHna. Metaiarsali 
long ; manjis awi pes with three funetionol digits, the inner and voter ones rvli- 
meaiary. Upper Jura. 



^^"^ftgnsr (Figs. 332, 333). Represented by a uniijue 
skeleton of a fully grown individual from the Lithographic Stone of Relheim, 
Bavaria, and preserved in the Munich Museum. It is the smallest knovn 
Dinosaur, and interesting in that it contains an embryo within the abdomen, 
lirst detected by Marsh. Skull bird-like, about 75 mm. long, its long axis 
set at right angles to the relatively long neck. The twenty-two presacral 
vertebrae have a combined length of 20 cm., and the caudals, of which 
only fifteen are preserved, measure about the same. Fore-limbs only half u 
long as the hinder pair. Proximal tarsals tend to form with the tibia a bird- 
like tibio - tarsus ; astragalus with long ascending process closely applied 
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against anterior face of libia ; distal tarsals represented 
flattened bones. C loiigipes, \Vagner. 

Haliopas, Marsh. A small form apparently 
related to the preceding. Fore- limb relatively 
short and with four digits. Astragalus without 




Bunris. Bk«1eUtn, Vt (an^r A. Wigrer). 

ancending process ; calcaneum produced into a " heel," suggestive of the 
power of leaping. Upper Jura; Colorado, 

Family 3. Ooelurldae. Maii^li. 

Shill unknown; vertebrae and all other bones of the skeklou lio'lmv. Cerrical 
ribs fused wUh their eeiUra. Aeurai canal greally enlarged. Metatarsals rery long 
and lender. Upper Jura and Wealden. 

Coeliirus, Marsh {Aristosuckus, Seeley). Known only by jiortionB of the ver- 
tebral column, pelvis, and limb bones. Centra, neural arches, and all processes 
of the vertebrae have hollow interiors, and the neural arches are suturally 
united with their centra. In the cervical and trunk regions the neural canal is 
greatly dilated. Upper Jura ; Wyoming and Maryland, Weatden ; England. 

Tlierospondi/ltts, Seeley ; Ciihnwspondylus, Lydekker. Wealden ; England. 
Tiehosteus, Cope. Upper Jura ; Colorado. All these names apply to detached 
vertebrae. According to Cope, the peculiar vertebrae described by von Meyer 
from the Muechelkalk of Bayreuth under the name of Tatiyslrophevs, and 
occurring also in the Trias of New Mexico, belong to this family. 

Sab-Order 2. SAUBOFODA. Harslt (Cetiosauria.)^ 
More or less massiri; lierbimrous, qrtadrupedal Dinosaurs. Skull relatirely small, 
aniorliital vacuity large. Brain-case completely ossijied ; no predenlarg hone. Teeth 

' Literature : 

Hoieher. J. K. Dijiloiiocui, MurNh (Mem. Carnegie Muwuin, »i>l. l.l. IWl.—Marsli, 0. C„ The 
Diiiownrs of North Americji {16th Ann. R«i>. V.S. Geol. Sarr.), ISSB.— Oijwm, N. F., Adilitiotinl 
rhanicten of the great herbivorous Dinosaur, Csmarauunis (Bull Anier. Mun. Nat Hint. vol. X. 
p. 2111). 1868.— A Skeleton or Diplodocua (Mrm. Anier. Mua. Nat Hiat. vol. I. pt. V.). 1889.-- 
Pliillipi. J.. Geology of Oxford and the Valley of the Thuiies. Oiford, 1871. 
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spaitUaU, with anterior and posterior cutting edges. Cervical and anterior dorsal 
vertebrae opisthocoelous and much hollowed on each side; the rest amphiplaiyan. 
Neural canal much expanded in the sacrum. Pubes moderately long, projecting 
simply downwards, and united distally by cartiUige ; no post-pubic process. Limh 
banes solid, femur without prominent inner trochanter. Fore-limbs only slightly 
shorter than the hinder pair. All four feet semiplantigrade, with five more or less 
reduced digits; distal row of carpals and tarsals apparently unossified. Dermal 
armour absent. 

The Sauropoda display closer relationships with Crocodilians than do the 
other orders of Dinosaurs, and share a number of features in common with 
the Parasuchia. In this order are included some of the most prodigious land 
animals known. Their dentition and nature of the articulations prove clearly 
that they were herbivorous, and the parity of their limbs demonstrates the 
gait to have been in most cases quadrupedal. DoUo has suggested, how- 
ever, that the latter habit was possibly secondary, and that all these animals 
were at one stage bipedal like the Iguanodonts, which have a similar form 
of pelvis. 

The skull is incompletely known except in the genera Diplodocus, Mora- 
saurus, and Brontosaurus. Teeth of long cylindrical or spatulate aspect, and 
with anterior and posterior cutting edges, are present in the paired premaxillae 
and in at least the anterior portion of the maxillae. The orbits are large and 
laterally directed, the antorbital vacuities are also extensive, and the external 
nares elongated. The position of the latter is between the premaxillae, 
maxillae, and nasals. A predentary bone is not developed. 

The cervical and anterior dorsal vertebrae are opisthocoelous, and much 
hollowed along the sides. The double-headed cervical ribs are fused in part 
at least with their respective centra and neural arches, and the neural spines 
are reduced or paired, as in Diplodocus. In the posterior dorsal vertebrae 
there is a hyposphene-hypantrum arrangement, as well as pre- and post- 
zygapophyses. The centra of the dorsal vertebrae (Fig. 334), and sometimes 
also of the other regions, contain large interior cavities, which were probably 
pneumatic during life. These chambers, of which there are one or more on 
each side, are separated by a median longitudinal septum, not always con- 
tinuous, and open outwardly by a foramen or elongated aperture near the 
base of the neural arch. In the presacral and anterior caudal vertebrae, the 
neural arches and spines are likewise hollowed. Each sacral vertebra 
supports its own- rib. In Diplodocus the arches formed by the diapophysial 
laminae of the sacrum have their origin in the union of two laminae springing 
from distinct vertebrae, while each pair of sacral ribs originates from a single 
centrum. The neural canal in the sacrum is expanded to twice or three times 
the diameter of the brain cavity. The posterior caudals have solid centra, 
slightly concave behind, and flat or more rai^ej^v concave in front. Chevron 
bones are well developed. 

In the pectoral arcn the scapula is elongated, and much more expanded 
distally. than at its proximal end. The corfcoid is small, more or less 
rounded anteriorly, and suggestive of the corresponding element in Rhyncho- 
cephalians. The humerus has a distinct head, and is somewhat crocodilian- 
like. The pelvic bones are never coossified, and the acetabulum is open. 
The ilium exhibits only a slight pre-acetabular extension, and the slender 
ischium is without an obturator process. The pubes are stout^ directed 
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downwards and forwards, and meet in a cartilaginous symphyBis. The femur 
is considerably longer than the cms, and its large head is directed inward 
from the sbait to enter the acetabulum. The astragalus is without an 
ascending process. All the phalaugea are short, and the ungual ones are 
compressed, and were sheathed with horn, or hoof-tike. - 

Remains of Sauropoda occur principally in the Middle and Upper Jura of 
England and Northern France, and in the equivalent formations of the western 
United States, especially Wyoming and Colorado. They are also known from 
the Wealden and Lower Cretaceous of England, and from the Upper Mesozoic 
of Madagascar, India, and Patagonia. 

Family 1, Oamaraaaurldae. Cope. {Atlantotauridae.) 

Teeth more or less compressed, and wUh anterior and posterior cuiling edges. 
Chevron bones artieuiated with the sdid eaudal verlebrae. Jura and Wealden. 

Cetiosaurw, Owen {Cardtodon, Owen). A skeleton lacking the skull and 
cervical vertebrae (C. oxMiensis, Phillips, from the Bathonian of Oxford, 
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England), indicates a total length of at least 12 m., and a height of about 
3 m. Humerus and femur are of about equal length, the latter 1 '7 m. long. 
Ischia smaller than the pubes, and distally contracted. Middle Jura; 
England. 

CamarasaiiTUs, Cope {Atlantosaunts), Marsh. Fore-limbs longer than the 



binder pair, humerus of equal 
length with the femur, thorax 
proportionally large. Scapula 






iinu«jrr£tiu, Hinh. Upp^r Jnri 
A, Poat«rlDr upect of ^IkU 



expiinded at proximal end, 
coracoid elongate and atraight 
at articular bolder. Centra of 
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dorsal vertebrae elongate and but slightly hollowed laterally. Sacrum com- 
posed of four anchyloaed vertebrae having slight eavities in the dentra. 
Ischia diaully expanded and meeting in a ventral Bymphysis. Anterior 
caudal vertebrae relatively small, having short, blunt transverse processes 
and no lateral cavities. IJpper Jura ; Colorado. 

BroHlosaurus, Marsh (1 Amphicoekas, Cope), (Figs. 335, 336). Total length 
upwards of 18 m. Skull remarkably small, and brain cavity exceedingly 
diminutive. Neck long ^ ^ 

and flexible, trunk short, 
and tail elongated. 
About thirteen cervical 
vertebrae, with very 
small neural canal, and 
no neural spines. Cer- 
vical ribs hatchet-shaped, 
the anterior ones fused 
with their centra, the 
hinder ones articulated. 
Ail the centra deeply 
hollowed, the inner 



MoroiaiiruggTandii, Hunth. ADil [HTiit«riot Aspect* of foiirtti ctrvlcal vrtebn, 1/h- Ijctu^iiiig bh in 

Upper Jun; WTorainK. A, It. Fig. 3U. C. P*!vi« viewni ttom In froDt, "/i*. "-p, Th" tour smtiil 
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tooth, i/a. N>or»L anil i pft, Pubia (•ft*r Mtmli). 

cavities of the dorsals divided by a narrow median septum. The five sacral 
vertebrae are fused, as are also the neural spines of the three median sacrals. 
A pair of supposed sternal bones between the perforated coracoids. Ischia 
less robust than the pubes, somewhat expanded distally, and meeting in a 
ventral symphysis. Upper Jura ; Wyoming and Colorado. 

Morosaurns, Marsh {Figs. 337, 338). Cervical ribs not fused with their 
supporting processes. Neck extremely long and flexible, back short, with but 
ten dorsal vertebrae. Chevron bones articulaicil by two facettes, with their 
centra. Four sacral vertebrae. Shaft of pubes rotated <listally through a 
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quadrant of arc, eo that the pubic symphysia 
is formed by the lateral faces instead of 
extremitiea of the bones. Upper Jura ; 
Wyoming and Colorado. 

Apalosaurvs, _ Marsh. Upper Jura ; 
Colorado. Pleurofoelus, Marsh. Lower Cre- 
taceous ; Maryland. 

Ornilhopsis, Seeley {Pelorosaurm, Mantel! ; 
Eveamerotus, Hulke ; Chondrosteosaums, Both- 
rmpondylus, Owen), {Fig. 334). Cervical 



DifluliKii'l.mQi>i.Vin,b. UpperJur*; Oillon aiy, Coloradu. 
Skull, i;, (.Oer MiraH 

vertebrae elongated, dorsals with expanded 
neural canal. Fragmentary remains of large 
size frequent in the Upper Jura and Wealden 
of England. 0. kidkei, Seeley. 

Titartosauras, Argyroaavrus, Lydekker. 
Supposed Cretaceous of Patagonia. 

Family 2. Dlplodooldae. Mawh. 

Teeth deiuler and qiUvdrical, coujiiunl to 
front margin of lite jaws. Jixlernal naritU 
opening small, unpaired, placed at apex of the 
skull. Caudal rerlehrae elongated, ventrally 
excavated ; chevron bones double posteriorly, each 
having both anterior and posterior bramhes. 
Upper Jura. 

Diplodo<-MS, Marsh (Fig. .339), Total 
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length upward of 20 m. ; skull only 0*6 m. long, elevated and laterally com- 
pressed. In front of the triangular antorbital vacuity is a small maxillary 
vacuity ; supratejnporal fossa very small ; quadrate much inclined forwards. 
Neck extremely long and flexible, and back extremely short. At least fifteen 
cervicals, eleven dorsals, four sacrals, and thirty-seven or more caudals present. 
Sternal bones as in Brontosaurus. Upper Jura ; Wyoming and Colorado. 

Sab-Order 3. PBEDENTATA. Marsh« (Mhopoda, Cope.) ^ 

Large herbivortms Dinosaurs wUh completely ossified brain case, little or no 
antorbital vacuity in the shall, and toothless predentary bone in front of the mandible. 
FremazUlae edentulous at least in front (rarely with small lateral teeth) ; maxillae 
and deidary with stout grinding teeth, arranged in one or more functional series. 
Teeth usually compressed or spatvlate, vnth serrated anterior and posterior culling 
edges, hit becoming worn down to flattened stumps with age. External nares large, 
placed at extremity of the skull. Vertebral centra solid, opisthocoelous, amphiplatyan, 
or sometimes even amphicodous. Cervical ribs loosely articulated with their centra. 
Pubes slender and distally free. Post-pvhis slender, of variable length, and directed 
downwards and backwards parallel with the ischium ; the latter with obturator process. 
lAmh bones solid or hollow ; anterior extremities shorter than the hinder pair. 
Aslragalus without ascending process ; hind feet digitigrade or plantigrade. 
Dermal armour sometimes strongly developed (Stegosauria), in other cases absent 
{Iguanodoniia). 

This sub-order comprises more or less massive herbivorous Dinosaurs, some 
of which must have been bipedal in gait, and others quadrupedal. They are 
distinguished from the preceding groups chiefly by characters of the pelvis, 
presence of a predentary bone, and edentulous premaxillae. The unarmoured 
Predentata are represented by the bipedal Omithopodid.ae ( = IguanodofUia), and 
the armoured division by the quadrupedal Stegosauridas and Ceratopsidae. 

Family 1. Igruanodontidae.^ 

Long axis of skull set at right angles to the neck. Antorbital vacuity small, 
mandibular coronoid process strongly developed. Teeth, when urmom, of petaloid 
aspect, socketed in a single functional row. Cervical and anterior dorsal vertebrae 
opisthocodous. Pelvis of the quadriradiate type ; post-pubic process long and slender ; 
fore-limbs only about half as long as the hinder pair ; pes tridactyl, clawed or hoofed ; 
gait bipedal and digitigrade. Dermal armour absent. Upper Jura and Cretaceous. 

The pelvis, as has already been pointed out (cf. Fig. 326), is more bird-like 
than that of any other reptilian group. The ilium generally has its pre- 

* Literature : 

Marsh, 0. C, The Diuosaurs of North America (16th Ann. Rep. U.S. Geol. Surv.), 1896. 

*^ Lit«ratare : 

Cope, E. D., On the characters of the skull in the Uadrosauridae (Proc. Acad. Nat. Sci. Philad. 
p. 98), 1833. — Dollo, L., Notes sur les Dinosauriens de Bernissart (Bull. Mus. d'Hist. Nat. Belg. 
vols. I., II.), 1882-84. — Hvdhe, J. W., On Hypsilophodon Foxii (Quar. Journ. Geol. Soc. vol. 
XXIX. p. 622), 1873.— Also ibid. vol. XXX. (1874), p. 18, and Phil. Trans, vol. CLXXIII. (1882), 
p. 1035.— /Tiwr/ey, T. //., On Hypsilophodon (Quar. Journ. Geol. Soc. vol. XXVI. p. 3), 1870.— 
Leidy, J., Cretaceous Reptiles of the United States (Sraithson. Misc. Contrib.), 1864. — Mantell, 
O. A., Observations on Iguanodon, Hylaeosaurus, etc. (Phil. Trans.), 1826, 1841, 1848, 1849. — 
Marsh, O. C, On Hypsilophodon, etc. (Amer. Journ. Sic. [3], vol. L.), 1895. — Nopcsa, Jr., F. B., 
Dinosaurienre.'^te aus Siebenbiirgeu (Denkschr. Akad. Wissensch. Wien, vol. IJCVIII.), 1899. 
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iicetabular portion much extended, and the ischium has an obturator process. 
Supposed sternal oBsiScations sometimes occur. 

Camptosaurus, Marsh {Camptoiwtus, Marsh). Attaining a total length of 
about 10 ro. Cervical ribs short; dorsal vertebrae amphiplatyan ; sacrals 
not anchylosed. Pubis robust, post-pubis of equal length with the long and 
slender ischium. Pendent inner fourth trochanter of femur very marked. 
Proximal tarsals separated. Upper Jura; Wyoming and Colorado. Kim- 
meridgian and Wealden ; England. 

Laosaunis, Dryosaiirus, Namsaxirus, Marsh. Upper Jura; Wyoming and 
Colorado. 

Hgpsilophodon, Huxley. Premaxittae each with five small deeply-socketed 
lateral teeth, edentulous and beak-like in front ; nasals elougated. Vertebrae 
amphiplatyan. Sternum partly ossified, Post-pubis of equal length with the 



Igaaiialim iTrnwiurlrniu, Doul. WMlilen i Brmiiurt. Belgtum. Bkull, 'I,. A.Orbil; nrt, Arlinilu': I. 
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ischium ; proximal tarsals separated ; manus and pes each with four claved 
digits. Known by several complete skeletons 1 '5 m. long from the Wealden 
of the Isle of Wight. 

I(pianodoa, Mantell (Figs. 340-342). Skull laterally compressed, with 
large, nearly terminal nostrils, and small antorbital vacuity. Orbits deeper 
than wide, smaller than the irregularly triangular or elongated lateral temporal 
vacuity. Supratem^joral vacuities of moderate size, separated by the narrow 
parietaJs, which meet in a sharp median crest. Two small supraorbital bones 
above the eye, but no sclerotic ring. Frontals flattened and apparently fused ; 
nasals elongated. Mandibular suapensorium nearly vertical ; articular portion 
of the quadrate at the base of an unusually deep pedicle. Jugal crescentic, 
boutiding the orbit inferiorly ; quadrate- jugal rather large ; lachrymal small. 
Premaxillae toothless, but with sharpened margin. Maxillae and dentary 
with numerous closely-act grinding teeth arranged in a single row ; the teeth 
when unworn are spatutate, loosely socketed, and with serrated margins ; 
snccessional teeth well formed below those of the functional row. Mandibular 
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ramus compoeed of aix pieces, and with slender coronoid process. There are 
ton cervical, eighteen dorso-lumbar, four to six sacral, and forty to fifty caudal 
vertebrae. All the presacral vertebrae except the atlas and a few lumbars 
^ I, bear ribs, as do also the thirteen 

anterior caudals. Ossified tendons 
frequently observed along the neural 
spines of the back and tail. Scapula 
very long and slender ; coracoid 
small and rotmded, notched or per- 
forate at its articular border ; 
supposed pair of sternal bones 



triangular. Man us 
pentadactyl, the 
pollex reduced to a 
single spur-like 
phalanx ; the others 
having a formula of 
3, 3, 3, 4. Ilium 
greatly extended on 
either side of the 
acetabulum. Post- 
pubis process slender ^**'^i 
and rod-like, shorter >" 

than the ischium. ^f,f\^ZT^i"' '^c^^m- S°isch 
Femur scarcely Scupiiia ■ /— f, uigita (adflt'Do'iio). 
longer than the crus, 

and with prominent pendent inner trochanter. This, according to Dolto, is 
distinct from the third trochanter of mammals, and indicates a powerful caudo- 
femoral musculature, as in birds. Metatarsal No. I rudimentary. No. \' wanting ; 
the three ungual phalanges broad and claw-shaped ; formula of pes, 0, 3, 4, 5, 0. 
Iffuanodon is known by numerous complete skeletons from the Wealden of 
Bernissart, near Mons, Belgium, as many as twenty-three being exhibited in the 
Brussels Museum. Fragmentary remains occur also in the English Wealden. 
Lower Greensand, Furbeckian, and perhaps also in the Kimmeridge Clay. The 
typical species, /. mantdli, Owen, from the Wealden of England, attains a total 
length of 6 m., and /. berniseciTlensis, Boulenger ( = /. seeleyi, Hulke), is between 
8 and 10 m. long. As proved by its three-toed footmarks, the animal walked 
on its hind feet in a kangaroo- like attitude, thus leaving the hands free for 
prehension. 



Trackodon, Leidy {Hadroaaunts, Thetpetiiu, Leidy ; iJidonius, Cope), (Figs. 
343-345). Skuli elongated, depressed, with broad, beak-like enout, very large 
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noBtrile, subrectangular orbits, and long and narrow temporal vacuities. Parietal 



very small ; premasillae edentuloue. Teeth closely arranged in an alveolar 
groove opening inwardly, the successional teeth forming several tectifonn 
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series. Dorsal vertebrae opisthocoelous ; caudals amphiplatyan. Other 
characters as in Iguanodon. Upper Cretaceous ; New Jersey, Dakota, and 
Montana. 

ClaosauruSy Marsh. Skull very similar to the preceding, and the genus 
possibly not distinct from Trachodon. Nostrils large, and no supra-orbital 
bones observed. There are thirty presacral vertebrae, nine fused sacrals, and 
about sixty caudals. All the presacrals are opisthocoelous and costiferous ; 
anterior caudals also opisthocoelous, and with very long chevron bones. Fore- 
limbs unusually short and small in proportion to the hinder pair. In the 
manus digit I is rudimentary, and No. v is wanting; functional digits 
hoofed, each with three phalanges. Functional digits of hind foot very 
massive, with broad hoofs ; their formula 0, 3, 4, 5, 0. C, annectans, Marsh, 
attains a length of 9 m. A complete mounted skeleton in Yale Museum. 
Upper Cretaceous ; Colorado, Wyoming, and Montana. 

LimnosauruSy Nopsca. Cretaceous ; Austria. 

Family 2. Stegrosauridae. Marsh. {Scelidomuridae, Huxley.)^ 

Skull small, without antorbital vacuity ; nostrils large and placed far forwards ; 
premazUlae edentulous. Vertebrae amphicoelous or amphiplatyan, and solid through- 
out, like the limb bones, Post-pubic process robust ; fore-limbs much smaller than the 
hinder pair. Feet plantigrade, tri- or penta-dactyle, with short, hoof -like, u/ngual 
phalanges, Exoskekton strongly developed, consisting of a series of large dermal 
plates and spines. Lias to Upper Cretaceous. 

This family comprises moderate or large -sized Predeidata, with well- 
developed exoskeleton, solid limb bones, and solid amphicoelous or amphi- 
platyan vertebrae. The dermal armour usually consists of large bony 
plates or spines, but in a few genera the back is encased in a continuous 
shield of fused plates (Polacanthus). The neural canal of the sacrum is 
sometimes enormously expanded. In the pelvis the post -pubic process is 
greatly extended, as in the Omifhopodidae, and there is likewise a marked 
diisparity between the fore- and hind-limbs. The gait was probably in most 
cases quadrupedal, although a study of femoral characteristics has led Dollo 
to suggest that they may have been at least at one stage bipedal. 

Stegosaurus, Marsh (Figs. 346-348). Skull narrow and depressed, relatively 
very small, and brain cavity in proportion to size of the body more diminutive 
than in any other land vertebrate. Orbits small ; laterally directed ; supra- 
temporal vacuities small and rounded ; nasals nearly half as long as the skull. 
Mandibular ramus deep, pierced by a lateral foramen. Teeth very numerous, 
bluntly pointed, more or less spatulate in form, loosely socketed in a siqgle 
functional series. Vertebrae slightly amphicoelous or with flat ends, the 
cervicals with short ribs and dorsals with much elevated neural arches, on 
which the stout dorsal ribs are borne. • Sacrum of four fused vertebrae, some- 
times with one or more lumbars added on in front ; their neural canal enlarged 

^ Literature : 

BuHzet, E.^ Reptilien der Qosauformatiou (Abbaadl. Geol. Keichs. Aiuitalt, toI. V. pt. 1), 1871. 
— Davies^ IK, On the exhumation of Omosaunus (Geol. Mag. [2], vol. III. p. 193), 1876. — Ihdke^ 
J. W., On Polacanthus (Phil. Trans, vol. CLXXVIII. B, p. 169), 1887.— i/^r*/*, (). C, On Scleido. 
saarns, etc. (Amer. Joum. Sci. [3^ vol. L.), 1895. — Seeley, H. C/., The Reptile Fauna of the Go«an 
Formation (Qnar. Joum. Geol. Soc. vol. XXVI. p. 620), 1881.— On Polacanthus, etc. {itnd, voL 
XLVIII. p. 81), 1892. 
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to ten times the capacity of brain cavity (Fig. 347). Anterior caudal vertebrae 



the largest in the column, and with strong chevron bones. Fore-limb abort 
^ and stout, uina with large olecranon pro- 

cess. Manus short, apparently penta- 
dactyle. Femur large and straight, 
without inner trochanter; tibia and 
fibula much shorter. Astragalus and 
^ calcaneum fused with opposing bones of 

the cruB ; pes tridactyle, digit No. 1 
rudimentary, and No. r wanting. 
Dermal armour consisting of two rows 
of flattened bony plates extending from 
the back of the head well down the tail, 
the largest plates situated immediately 
over the pelvis. Four spines on the 
tail, and throat protected by a shield of 
irregular ossicles. Known by complete 
skeletons from the Upper Jura of 
Wyoming and Colorado. S. ttn^ulalHS, 
Marsh, over 9 m. long. 

Diracodon, Marsh. Is probably 
Pio J4-, founded on the young of this species. 

SUtMurm viwufiitHi, Marali. Upper Jnm ; SceltdosaUTUS, OwOD, Skull Only 

SS™'^.'So.ii^'^i.'^B!^.M'"(b"'in"^ty" about 0-25 m. long. Teeth with tri- 
'I,. n. Anterior Md; c.Cfrebmi heniiapheroB; cii, angular Or spatulate crowns, coarsely 
cp»ei or ucruiri ; «. Mtduiii obionmu : of. oii^c- serrated on the margins. All the centra 
lory lobs ; i-f. Optic lobe; i>,PMWrm™<i. amphlcoeloua, some with an internal 

cavity, and the neural canal not expanded. There are six or seven cervjcals, 
sixteen dorsals, one lumbar, four sacrals, and about forty caudals. Femur, 
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tibia, and fibula hollow, the cnis Bomewhat shorter than the femur and not' 
fused with proximal tarsals. Hind foot functionally tridactyle, the hallux 
reduced, and digit No. V wanting ; phalangeal formula 2, 3, 4, 5, 0. Dermal 
armour of longitudinal series of small tubercles and triangular or conical 
scutes covering the back and tail. S. haTTtsani, Owen, attains a length of 4 m. 
Lower Lias ; England. 

Echinodon, Owen, Purbeckian ; England. Hyltuosattrm, Mantell ; Ferli- 
sauriis, Hulke ; Stenopelix, v. Meyer. Wealden. All imperfectly known. 



s'tcguaMm mtrulalui, Htnh. Upiwr Jura : Cokraclo. R«!>umtlvi] orikt-lgtoa, i/a,(an>r Msrili). 

Folacanlkus, Owen, Lumbar-sacral region completely encased in a con- 
tinuous shield of fused plates, which press the ilium downwards. Wealden ; 
Isle of Wight. 

Priconodon, Marsh. Founded on detached teeth from the supposed Upper 
Jura of Maryland, 

From the Upper Cretaceous of Austria and North America a number of 
fragmentary remains of armoured OrnUhopoda have been described under the 
names of StrtUMosauras and Danulnosaurui, Bunzel ; and Craiaeomus, Oligosaurus, 
and Hoploiaunis, Seeley, etc. Like the members of the following family, they 
are supposed to represent a highly specialised group of Stegosaurs. 

Family 3, Oeratopfildae. Marsh, 

Shiil of enormous site, wedge-shaped in form, very varrow in the facial portion, 
toiih tiBO very large pointed horns on the frontals, a median nasal horn anteriorly, and 
a TOW of sharp projections around ike margin of the posterior hood, which is farmed 
by the parielals and squamosals. An upper tootldess beak is formed by llie premaxUlae 
together with a median " rostral " bone corresponding to the predentary of lower jaw. 
Teeth with a divided root fixeil in sockets. Vertehrae amphiplatijan ; dorsal centra 
extremely short. Limbs nearly equal ; five hoofed digits in the fore-, three in the hind- 
foot. Dermal armour imperfectly known. 

Most of the forms here included attain gigantic proportiomi, and are 
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known only from the Uppermost Cretaceous (Laramie Formation) of Mon- 
tana, Wyoming, Colorado, and Dakota. They are chiefly remarkable for 
the armature of the huge skull, the strong, pointed horn-cores of which 
resemble those of the Bovidat. Their rugose outer surface exhibits distinct 
vascular impressions, and was doubtless once sheathed with horny tissue. 
Internally they are hollow at the base, but become solid higher up. 

Trkeraiops, Marsh {Polyunax,.Agathaujnas, Cope), (Figs. 349, 350). Skull 
over 1 -5 m. long, exceeding in size that of any known land animal. Facial 
region compressed and pointed, binder half 
greatly expanded and hood-like. There is 
a sharp cutting beak in front, a strong nasal 
I horn-core, a pair of large pointed boms 
over the orbits, and a row of sharp pro- 
jections around the margin of the posterior 
hood. External nares very large, plac«d 
between the nasals and rostral bone. Brain 
cavity smaller in proportion to the skull 
than in any other known reptile. Besides 
the dentary, which develops a large coronoid 
process, an articular, angular, surangular, 
and Bplenial are distinguishable in the 
F,n, 3,D. lower jaw. Atlas and axis are fused with 

rwrrriii.^atrmiiu., Manh. Upper cntaenj lis; the next cervical to support the head: 
i«oin"ilBxil£ii'''i<»['i^ '/"(Bfte^MiSx"'*'' "' ^^^ ^^o lumbars and first four caudals 
fused with the sacrum, which has double 
transverse processes, and the neural canal is not especially enlarged. Tail 
of moderate length, chevron bones placed intervertebrally. The small per 



fn'-t ml;ia yror,<ii. Minili. UpiKjr CretiMoiiK ; UuiiUu. Ileatorallon of skeleton, Vro ("(l" Hinh). 

forated coracoid sometimes fused with the scapula in old individuals. Radius 
and ulna short and stout, the latter with large olecranon process ; manus 
with five hoofed digits. Ilium much elongated ; pubis massive, but with 
slender post-pubic process. Ischium smaller and more elongated than the 
pubis. Femur not much longer than the humerus, tibia and fibula short, the 
latter very slender. Astragalus usually fused with distal end of tibia ; pes 
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with three hoofed digits. Dermal armour not observed. Laramie Formation ; 
ilontana, Wyoming, and Colorado. 

Ceraittps (MoruirUinins, Cope), Slerrkolophus (Fig. 351), Torosaurus, Mareh. 



Strrrhil'nJia'faMUaiu, Minli. Upp»ni>gg( CreUcroiis ; MonUiia. Lslfnl mirl ■uperiar uiiwUDr akiill, 
Vw- A. Otbil; «. MmglHil buMw ('-eploccipltal pUW-"); /, Brain; *, Honi-™r«: h; NumI i..jni-i'Te ; ,V, 
Gilsruil nuliU opentng; n, Niunl -. ;>. FarisUI : j>7. PraliMitmr]' (rmbiml In ontllne); ■/. (Jiudnt'; r. RMtnl 

These are leaa perfectly known, but apparently allied genera accompanying 
the preceding in the Laramie Formation. 

Range and DiBtributioti of the Dinoeauria. 
The remarkable and by no roeann homogeneous group of Dinosaurta arose 
during the Trias, attained its maximum develojinient in the Upper -lura and 
CretaceoHB, and passed entirely away at the close of the latter i>eriod. The 
abundance of Dinosaurs during the Trias is indicated by countless footprints 
in the sandstones of that age in Massachusetts, Connecticut, Pennsylvania, 
Virginia, and North CaroliiiA, where hordes of these creiitiires roamed along 
the beaches in (luest of prey. Upwards of 100 different varieties of footprints 
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have been discovered in the Connecticut Valley, varying between 2*5 cm. and 
60 cm. in length. Most of these imprints are three-toed, although four- and 
five-toed tracks also occur, and their paths are often traceable for a number of 
meters. Since many of these indicated creatures of bipedal gait, early writers 
(notably Hitchcock in 1837 and 1858) very naturally attributed them to 
birds, and designated them by various names. The paucity of skeletal remains 
in the strata where footprints are so conspicuous a feature is remarkable. 

The earliest known Dinosaurs belong to the carnivorous group of Theropoda, 
and are extremely generalised. Their obvious relations to the Khynehocephalia^ 
CrocodUiay and Theromorpha have already been discussed, and attention directed 
to avian resemblances pervading both this and the herbivorous sub-orders. It 
need only be repeated in this connection that, in spite of the remarkable simi- 
larity between birds and Dinosaurs, there is no evidence to prove that the 
former have come down to us through any known type of the latter. And 
yet it would appear rather more probable that the avian phylum should have 
originated from primitive Dinosaurs — that is to say, from a Dinosaur-avian 
stem, than that the two groups arose independently from some common stock. 

TABLE SHOWING VERTICAL RANGE OF THE DINOSAIJrIA. 
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[The text for the introductory portion of the preceding chapter on Dinosaurs has been 
revised to a slight extent by Professor H. F. Osbom ; that for the systematic part has been 
revised by Mr. J. B. Hatcher, of the Carnegie Museum at Pittsburgh. — Editor.] 



Order 9. PTBROSAURIA. Kaup. (OmUhosauria, Fitzinger.) ^ 

Reptiles of more or less bird-like aspect, with hollow hones, wdUformed arttc^da- 
tions, and fore-limbs adapted for flight, SkM with acuminate snout, and long 

* Literature : 

Burmeisler, H., Kritische Beleuchtung der Pterodactylus-Arten (Sitzungsber. natnrf. Gesellsch. 
Halle, vol. HI.), 1855.— /Va<w, 0., Ueber Pterodactylus suevicus (Palaeoutogr. vol. XXV. p. 163). 
lS7S.—Oold/iLs8, A., Reptilieu aus dem lithographischen Schiefer (Nova Acta Acad. Leop. vol. XV. 
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dxis exietuiing nearly at right angles with the neck. Investing bones of temporal 
region contracting into an upper and a lower arcade ; sutures becoming obliterated in 
the adult. Quadrate large, firmly fixed ; orbit very large, and usually with sclerotic 
ring ; arUorbital vacuity large, sometimes confluent with external nares. Teeth, when 
present, slender, conical, thecodont, and confined to margin of the jaws. Mandibular 
rami fused at the symphysis. Presacral vertebrae procA)elous, caudals amphicoelous ; 
sacralsfour to seven in number, usually fused. Cervical and anterior dorsal ribs double- 
headed, Stei-num large, clavicular elemenis wanting, scapula and coracoid long and 
slender. Fifth digit of manus enormously elongated and reflexed to support the wing 
membrane. Pubis excluded from the closed acetabulum. Both rows of tarsals ossified, 
the astragalus sometiTnes fused with the tibia. Two to four digits of the pes bear daws, 
the fifth digit sometimes vestigial. Abdominal ribs present ; no dermal armour. 

The Pterosauria or Omithosauria, as they are also called, constitute an 
extraordinary group of extinct reptiles, ranging from the Lias to the Upper 
Cretaceous. They are remarkably bird -like in general appearance, and 
their whole organisation is modified for the accomplishment of flight through 
the air. In the larger number, however, the power of flight was more limited 
than in birds, and may have been in many forms feebler than in bats. The 
skeleton was more or less pneumatic, like that of birds, and the general 
avian appearance was accentuated by the articulation of the head at right 
angles to the cervical axis. Some of these bizarre creatures were no larger 
than sparrows, but others, with whose extinction the history of the race 
terminates, were of gigantic size, the spread of their cutaneous expansion 
being nearly 6 m. from tip to tip. 

The vertebral column comprises seven true cervicals, twelve to sixteen 
dorsals, four to seven sacrals, and ten to forty caudals. The presacral vertebrae 
are procoelous, and the caudal amphicoelous. The neural arches are usually 
fused with their centra, and the sides of the latter are more or less extensively 
hollowed. Cervical ribs, when present, are very much shorter than the dorsal 
ribs. The latter are double-headed anteriorly, but become single-headed and 
more slender toward the sacral region. Transverse processes are very strongly 
developed in the anterior sacral vertebrae. ' There is a triple series of small 
V-shaped abdominal ribs along the ventral wall of the body cavity. 

The skull (Fig. 352) is remarkably bird-like in form, and its constituent 
elements usually become anchylosed at an early age. The orbits are very 
large, laterally placed, and surrounded by a sclerotic ring of small plates. An 

p. 63), 1831. — Huxley y T. H., On Rhampborhyncbus Bucklandi (Quar. Jonni. Geol. Soc. vol. XV. 
p. 658), I860.— J/rtr«A, O. C, Various articles in Amer. Journ. ScL [31, 1871-84 (vols. I. p. 472 ; 
UL p. 241 ; XI. p. 507 ; XII. p. 479 ; XVI. p. 233 ; XXI. p. 342 ; XXIII. p. 251 ; XXVII. p. 
423,' etc). — Meyer, U. von. Reptilian ans dem litbograpbischen Schiefer( Fauna der Vorwelt, pt. IV.), 
1860. — Xetdon, E. T., On tbe skull, brain, and auditory organ of Scaphognatbus purdoni (Pbil. 
Trans, vol. CLXXIX. B, p. 503), 1888.— Notes on Pterodactyles (Proc. Geol. Assoc, vol. X.), 1888. 
— Ovoeit, R.f Reptilia of tbe Liassic Formations (Palaeontogr. Soc. pt. II.), 1863. — Plieninger, F,^ 
CampylognatbuM Zittfli (Palaeontogr. xo\. XLI.), 1894. — Beitriige zur Renntniss der Flugsaurier 
{ibid. vol. XLVIIL), 1901. — Qiienstedt, F. A., Ueber Pterodactylus suevicus. Tiibingen, 1855. 
— Sedey^ U. <y., The Omithosauria. Cambridge, 1870. — On tbe organisation of tbe Omithosauria 
(Jouro. Linn. Soc. vol. XIII.), 1884. — The Omitbosaunan pelvis (Ann. Mag. Nat. Hist. [6], vol. 
VII. p. 237), 1891. — On the sboulder-ginlle in Cretaceous Omithosauria (ibid. p. 438). — Dragons 
of the Air, London, 1901. — Wagner, A., Contributions on Upper Jurassic Pterosaurs in Abbandl. 
Bayer. Akad. Wissenscb. raatb.-pbys. Classe, vols. II. p. 168 ; VL pp. 129, 690 ; VIII. p. 439 
(1837-58). — WUUston, S. \V., On the skull of Ornitbostoma (Kansas Univ. Quar. vol. IV, p. 195), 
1896.— Restoration of Ornitbostoma (Pteranodon), (ibid. vol. VI. p. 35), \%^l.—ZiUel, K. A., 
Ueber Flugsaurier aus dera litbograpbischen Schiefer (Palaeontogr. vol. XXIX. p. 49), 1882. 
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antorbital vacuity is preaent as in birds and Dinosaurs, and is either confluent 
with the external nostril on each side, or separated from it by a narrow bar. 
The supratempora) vacuity is small, entirely enclosed, and placed far back' 

wards. The lateral 
temporal vacuity 
appears as a narrow 
slit behind the orbit, 
extending downward 
and forward, and 
bounded posteriorly 
by the quadrate. 
The cranial roof is 
formed by the un- 
Fio. 3M. paired frontal and 

.■^iJvvuit^i murimrtru, GnWf. up. Upper Jurm; Eiclirtadt, B»™rta. the smaller parietals, 

^pI^'Sl'^^*''i)^SS""''-'" "*"'■'*'■ "'^"'■■^'"''^'"'^^ '^^^'^^ *■■» ""'tlioit 

a foramen. At the 
base of the skull is placed the single occipital condyle, by means of which 
the head is carried approximately at right angles to the long axis of the neck. 

Natural casts of the brain cavity prove it to have been remarkably bird- 
like, though smaller in proportion to the size of the skull. It was entirely 
roofed by the frontal plate, which sometimes extended as far forwards as the 
anterior border of the orbits, and formed not only their upper, but also a part 
of their posterior border. The orbit is separated from the lateral temporal 
vacuity by a trifid post-frontal plate, one branch of which joins the squamosal, 
and forms at the same time the outer bar of the supratemporal vacuity. The 
orbit is bounded anteriorly by slender processes of the jugal and prefrontal, 
which meet each other half-way, both of these plates being small and 
triangular. The quadrate ia a relatively long and narrow bar, united with the 
sqmunosal above, and with a buttress of the pterygoid below. In the facial 
region, which closely resembles that of birds, sutures are always difficult to 
determine. The snout is pointed in front, or in some cases slightly rounded, 
and is formed by the enlarged premaxillae, which constitute the greater part 
of the upper jaw. Teeth, when present, occur in single series at more or less 
irregular intervals along the margin of the jaws. They are invariably simple 
and conical, and implanted in distinct sockets. In some genera the sharp 
margins of the jaws are completely edentulous, and may have been sheathed 
with a homy layer, as in birds. 

The mandibular rami are straight and elongate, and fused together at the 
symphysis. They are composed of the usual six elements, but the Butures 
between the latt«r are seldom determinable, A coronoid process ia lacking, 
and the suspensorium is sometimes inclined forwards at a considerable angle, 
so that the articulation with the quadrate is placed underneath the orbits. 

The pectoral arch comprises merely a pair of long, narrow scapulae, and 
equally long but somewhat stouter and imperforate coracoids, which articulate 
with the large sternum by a synovial joint. There is no clavicular arch, nor 
any indication of precoracoid elements. The humerus is of moderate length, 
much expanded proximally, and exhibits a deltoid crest. The axis of the 
distal articular facette is approximately at right angles to that of the head of 
the same bone, Radius and ulna sometimes doubly exceed the length of the 
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humerus, and are about equally developed. The number of carpal elements 
iu both rows varies considerably. The first digit of the manus is either wanting 
or represented by .a backwardly directed styliform bane. The second, third, 
and fourth metacarpals are closely apposed and nearly uniform in size, but 
the fifth is very much stouter than the rest, and bears a series of four enor- 
mously elongated phalanges, turned backward to support the wing-membrane. 
Sometimes metacarpals, Nos. II to IV are incomplete, and either filiform or 
tapering to a point proximally, being fixed only to the aide of the greatly 



(■.ithngrniililr Hi«ne) : Bnvarli. ItNtont 
■h (rniii> A. S. Wvalnnl, aruir UanhL 



developed metacarpal of the wing-digit. The three inner digits are clawed 
and exhibit the phalangeal formula 2, 3, 4. They are entirely free from the 
membranous expansion of the fifth digit (Fig. 353). Attached to the radial 
side of the carpus is sometimes observed a slender splintlike bone, which is 
directed backward nearly parallel with the radius and ulna. This Is the so-called 



"pteroid bone" {Spaitninoek^t, von Meyer), which some writers have regarded 
as an ossified t«ndoo, or as a support for the wing membrane ; but it is more 
properly interprete<l as a rudimentary, abnormally reflexed first raetacar[)al. 
The cutaneous expansion, or patagium (Fig. 354), is quite narrow and tajjering, 
in this respect resembling the wing of a swallow or sea-gull. It was attached 
at its base along the sides of the body wall, and extended beyond the hind 
limba to the base of the tail. In at least one genus (R)iamp]iorhyiu-lnis) it also 
developed a leaf-like expansion at the extremity of the tail (Fig. 353). The 
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impressions of the membrane exhibit a number of longitudinal wrinkles or 

folds, and also numerous fine parallel striae, 
but are otherwise smooth. 

In the pelvic arch (Figs. 355, 356) the 
ilium is low and extended antero-posteriorly 
on either side of the imperforate acetabulum 
as in Dinosaurs, the pre-acetabular portion 
being much longer than the post-acetabular. 
Its anterior extremity is sometimes ex- 
panded {Bhamphorhynchus\ in other cases 
slender and tapering (Pterodadylus), The 




Flo. 365. 



Pt^rodaetylu. antiouns, Somm. sp. Upper ischium USUally fuSCS with the iUum and 

Jura ; Bavaria. Right Uteral aspect of pelvis. eXcludcS the pubis frOm the acetabulum I 

a, Acetabiilutn, below which is obturator .. vjii • j- 

foramen ; il, Ilium.; it, Ischium ; jwt, Pubis. it 18 a mucn-expandea DOne, pierced in mOSt 

cases by a small perforation. The pubis 
appears to have been very loosely attached to the antero-inferior portion of 
the ischium, and almost invariably occurs dis- 
placed. Some authors regard this bone as a 
pre -pubis, and interpret the posterior ventral 
element as a fused ischiorpu^is. In Pterodadylus 
the bone here called the pubis is much expanded 
distally, and was probably united with its fellow 
in a cartilaginous symphysis. But in Bhampho- 
rhynchuSy Fteranodon, and NyctodadyltiSy it is 
narrow and band-like, extending forwards for a 
certain distance, and then bent inwards approxi- 
mately at right angles so as to meet its fellow 
of the opposite side, with which it becomes fused 
in a ventral symphysis. 

The femur is rather longer and more slender 
than the humerus iir some forms, but in others 
is very much shorter, as in birds ; and as in birds 
also, it is exceeded in length by the tibia, which 
is stout and straight. The fibula is reduced to 
a mere splint, often fused with the tibia, and its 
pointed distal end extending scarcely half-way 
down the shaft of the tibia, or it may be absent 
altogether. There ai'e two proximal tarsals 
(astragalus and calcaneum), which in the Bhampho- 
rhyjichidae and Omithocheiridae are always fused 
with the tibia. At least two distal tarsals are 
always present. 

The hind foot is characteristically reptilian 
in structure. The four inner metatarsals are 
about equally developed, and bear clawed 
phalanges, having the formula 2, 3, 4, 5, or some- 
times, when the first two digits are clawless, the uppeTyumT Eichsuu^ Bavaria. Vi- 
formula is 1, 2, 4, 5. The fifth digit is almost ^ufe'mia!""'" ' **' ^"'***"'"' '^' 
always shorter than the rest, its metatarsal 
reduced to a mere stump, sometimes without phalanges, and sometimes with 




Rham 



Fio. 356. 
•hyn<'hu$ gemmingij v. Meyer. 
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as many as three. In BhampharKynekus and Ditnorphodon it was divaricated, 
and doubtless assisted in the support of the patagium. The claws are usually 
sharp and delicate, and during life were doubtless sheathed with horn 

Snb-Ordar 1. PTEBODEBHATA. B»eley. 

Tail elongated ; iinng metacarpal less than half the length of the hones of the 
anlebrachinin ,■ fifth digit of pes ivith one to three phalanges. Jaws dentigeroits ; 
external nares completely separated from anlorbital vacuity. 

This group comprises the earlier and more generalised Pterosaurs, none of 
which survived the Jurassic so far as known. Teeth are always present, 
increasing in size posteriorly, but sometimes do not extend to the anterior 
estremity of the jaws. The scapulae and coracoida are often fused proximally, 
and the proximal tarsals are fused with the (ibia. 

Family 1. Rhamphorhjmchidae. 

IFitk the eharacfersof the sub-order. Jurassic. 

Dimorphodon, Owen (Fig. 357). Skull relatively very large, deepened in 
form, and extremely light ; brain case unusually small. External nana! 




openings and antorbital vacuities very large. Jaws toothed to the extremity, 
the anterior teeth very large and irregularly spaced ; mandibular suspensorium 
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vertical. Probably four sacrals, and at least thirty caudals present, some of 
the latter with chevron bonee. Scapula and coracoid fused. First digit of 
manus represented by a atyliform ("pteroid") bone, and first wing phalanx 
shorter than the antebrachtum. Ischium large, distally expanded. The first 
four clawed digits of the pes are norma), and the fifth divaricated ; the latter 
with an attenuated metatarsal and two phalanges. The skull of D. mafTonyx, 




Owen, the only described species, attains a length of 20 cm. Lower Lias ; 
Dorsetshire. 

Dorygiuiihiis, Oppel. Upper Lias ; Wurtemberg and Franconia. Rhampho- 
eepluilus, Seeley. Bathonian ; Stonesfield, England. Imperfectly known genera. 

Campylognaihus, Plien. Known by a complete skeleton from the Upper 
Lias of Holzmaden, Wiirtemberg. Skull less deep than in Dimorpkodon, 
toothed to the extremity of the jaws ; the anterior tooth above and the first 
two below large and recurved. Mandibular rami toothed nearly to the 
extremity, which is deflected dowuwanl. Narial opening larger than the 
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antorbital vacuity. Proximal phalanx of wing digit more than double the 
length of antebrachium. Type, C. zUteli, Plieninger. Palate and brain cast 
known in C, purdoni, Newton, from the Upper Lias of Yorkshire. 

ScaphognathuSy Wagner. Like the preceding, but mandibular rami toothed 
quite to the extremity, and not deflected. External nares smaller than the 
antorbital vacuity. S, crassirostris, Goldfuss, the type species, occurs in the 
Lithographic Stone of Bavaria. 

KhamphorhymhuSy v. Meyer (Figs. 354, 356, 358). Skull sometimes attain- 
ing a length of 20 cm. Snout produced and acuminate ; teeth large, irregular, 
inclined forwards, and not extending to anterior end of the jaws. Orbits very 
large, with sclerotic ring ; narial opening and antorbital vacuity very small. 
Four sacrals and upwards of forty caudals present. Sternal keel extending 
downward as a slender process, scapula and coracoid usually fused. Pubis in 
the form of a slender laar, bent inwards nearly at right angles to meet its 
fellow, with which it fuses in a median symphysis. Limbs similar to those of 
Dimorplwdan, except that the fifth toe comprises three phalanges. Upper 
Jura (Lithographic Stone) ; Bavaria and Wiirtemberg. 

Sub-Order 2. OBNITHOGHEIBOIDEA. Seeley. 

Tail short; wing nietacarpal at least as long as the hones of the antebrachium; fifth 
digit of pes vestigial, tmthmU phalanges. Teeth sometimes absent. No cervical ribs. 

The members of this sub-order vary greatly in size, some being no larger 
than a sparrow, and the largest having a wing expanse of nearly 6 m. 
Initiated in the Upper Jura, the group culminated in the Upper Cretaceous, 
and became extinct before the close of that period. This sub-order probably 
includes all known forms of Cretaceous Pterosaurs. 

Family 1. Pterodactylidae. 

Skull tviih very small lateral temporal vacuities, and large external nares incom 
pletdy separated from the antorbital vacuity. Coracoid and scapula separated, the 
distal end of the latter spcUulate, and not articulating with vertebral column. Anterurr 
dorsal vertebrae with<nU supraneural plate. Elements of carpus and tarsus distinct. 
Teeth, when present, extending to extremity of jaws. Upper Jura and Cretaceous. 

FterodcuUylus, Cuvier {Ornithocephalus, p.p. Somm. ; Diopecephalus, Cycno- 
rhamphus, Seeley ; Ftenodracon, Lyd.), (Figs. 355, 359, 360). Teeth invariably 
present. Represented by numerous species varying in size between that of a 
sparrow and that of an eagle. The most perfectly preserved skeletons occur 
in the Lithographic Stone of Bavaria, Wiirtemberg, and Cerin, France. 
Certain detached fragments from the Kimmeridge Clay of England are perhaps 
referable to this genus. 

Nydtfdactylus, Marsh (Fig. 361). Known by a nearly complete skeleton from 
the Niobrara Cretaceous of Kansas. Head slender, jaws edentulous. Lateral 
pieces of atlas not fused with axis; cervicals seven, dorsals twelve, sacrals 
six, caudals ten to fourteen. Anterior ribs stout, double-headed ; posterior 
very slender and single-headed ; three pairs of fiat V-shaped abdominal ribs 
connecting the xiphisternal process with the anterior processes of the coossified 
pubes. Ischiadic foramen very large. Proximal row of tarsals united to tibia 
by persistent suture; three carpals present. "Wing expanse in typical species 
about 2 m. 



Demodactyhis, Marsh. Imperfectly known, perhaps belonging among the 
Pterodermata. Upper Jura (Como Beds) ; Wyoming. 
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Family 2. Ornithooheiridae. Seeley. 

Bxternai nares con/tiienl wiih arUorbUal vacuity. Teeth, when present, restrUied 
to posterior portion of the jaws. Pectoral arch strong, coracoids and scapvlae firmiy 
fased ; the former articaialing wiih the sternum, and the latter by a large obliqae 
facette with a supranewral plate above the coiimfud anterior dmsal vertebrae. Proxi- 
mal tarsals fused with the tibia; nofOnila. Cretaceous. 

ThiB family includes the largest known Pterosaurs, their wing expanse 
varying between 1 '5 and 58 m. In these highly specialised forms the anterior 
extremities attained their greatest power, while the posterior pair were 
weakened, and probably of slight use as locomotive organs. 

Pteranudon, Marsh () Omilhostovia, Seeley). Skull considerably elongated, 
with slender, pointed, edentulous jawB, and a long thin supraoccipital crest. 
Sclerotic ring present. Sternum keelless, but with a stout anterior median 
projection. Sacral vertebrae seven in number. Anterior ribs stout, 
co6ssified with their centra. Carpus composed of three bones in two rows. 
Pubes band-like, coiissified in the middle. Hind limbs relatively small ; 
femur short and curved, with a small trochanter; tarsus consisting of two 
free bones in a single row. Fifth digit represented by a small claw-like 
metatarsal ; median phalanges of second, third, and fourth digits very short ; 
first and secoud digits without claws. Niobrara Cretaceous ; Kansas. 
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Omithosiomay Seeley, from the Cambridge Greensand, presents no generic 
differences from Fteranodon so far as known, and may prove to be identical. 

OmithocheiruSy Seeley. Similar in all essential respects to Fteranodon, 
except for the presence of well-developed teeth in both jaws. Pelvis and hind 
limbs imperfectly known. Cambridge Greensand ; England. 
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Fio. 361. 
Nydodadylus gracilis, Manth. Niobrara Cretaceous ; Kansas. 1/9 (after WillistonX 

Omiihodesmus, Daratorhynchus, Seeley; Palaeomis, Mantell. Founded on 
fragmentary remains from the Wealden and Purbeck of England. 

Bange and Phylogeny of the Pterosauria. 

The earliest undoubted remains of Pterosaurs occur in the Lower Lias of 
England, from which horizon the history of the group is traceable to near the 
close of the Mesozoic era. Regarding its origin and evolution very little can 
be aflfirmed. Dimorjphodon, the oldest known genus, appears suddenly and fully 
differentiated in the same manner as do the earliest Chelonians ; nor are there 
any essential modifications to be observed among its successors throughout the 
Jura and Cretaceous, except that some of the latest survivors were toothless 
and of gigantic size. The group attained its maximum development during 
the Upper Cretaceous, and passed away with the Dinosaurs, Pythonomorphs, 
and Plesiosaurs towards the close of this period. 

Although Pterosaurs exhibit a number of avian resemblances, they can in 
no sense be regarded as the ancestors of birds, and are in fact even more widely 
separated from them than from other orders of reptiles. They are known to us 
simply as a race of peculiarly modified Archosauria^ or reptiles with two temporal 
arches, whose origin is as yet mysterious, and whose hypertropic specialisation 
precipitated their decline, and finally swept them from off the face of the earth. 

[The text for the preceding chapter on Pterosauria has been revised by Dr. S. W. Williston, 
of the University of Kansas, who has also put the chapters on Pythonomorphs and Plesiosaurs 
in their present shape.— Editor.] 
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Class 4. AVES. Birds.^ 

Feathered, warm-bloodedy oviparous vertebrates with chambers of the heart 
completely separated. There is a single occipital condyle, the quadrate is free, and 
th-e fore-limbs are modified into wings. Proximal tarsals fused with tibia to form a 
tilfio-tarsus ; metapodal bones fused with one another, and with the distal tarsals to 
form a tarso-metatarsus. Fifth digit of tlie pes always absent. 

Of all classes of vertebrates, birds constitute the most homogeneous and 
narrowly circumscribed group, and exhibit everywhere the most remarkable 
uniformity. Descended without question from reptiles, their affinities with 
that class are so intimate that Huxley included them both under the common 
designation of Sauropsidu. This proposed merging of the two classes, however, 
is hardly compatible with such trenchant distinguishing characters as the 
epidermal covering of feathei*s, heterocoelous vertebrae, and warm-blooded 
(homothermic) condition. 

The exoskekton of birds consists of feathers, the horny covering of the beak, 
claws, and spurs, and certain corneous plates often found on the tarsus and 
feet. Save in penguins the feathers do not cover the body uniformly, but 
are arranged in certain definite tracts (pterylae), between which are bare 
spaces (apteria). These apteria are best seen on the abdomen and on the 
sides of the neck in many birds. Although struthious birds are also com- 
monly said to be uniformly covered with feathers, Pycraft has shown the 
presence of small apteria in most species. Under exceptionally favourable 
conditions, as in the Lithographic Stone of Bavaria, and the Green River 
Eocene of Wyoming, imprints of feathers may be preserved in the rocks. 

The skeleton of birds is remarkable for its combination of compactness and 
lightness, and for its pneumaticity, or permeation by air cavities. The walls 
of the bones are very thin, but of dense texture, owing to their richness in 
calcium phosphate. In young birds the cavities of the long bones are filled 
with marrow, and this may persist in some bones throughout life, as in a 
number of water birds ; on the other hand, the marrow may disappear and 
the interstices become filled with air, as in the long bones of birds which 
sail or soar, and many others; finally, the long bones may be completely 
filled with spongy bone or cancellar tissue, as is the case with penguins. 
The skull, humerus, and femur may be said to be pneumatic in the majority 
of birds. 

The vei'tebral column of birds is divisible into cervical, dorsal, sacral, and 

^ Literature : 
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caudal regioDB, but, aa will presently be explained, the sacrum or synsacrum 
of birds is a complex mass of vertebrae not comparable as a whole with the 
sacrum of other vertebrates. The vertebrae are remarkable for their peculiar 
saddle-ahaped articulations, which allow great freedom of movement. In the 
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Mesozoic Archaeoplertfr. and Ichthyomis the centra are alightly amphicoelous, as 
is also the case in modern embryonic birds and in some of the caudal vertebrae 
of adults. Opisthocoelons vertebrae occur among the dorsals of penguins and 
in a few other birds, such as cormorants and gulls, but the atlas is the only 
procoelous vertebra in the backbone of birds. 

The cervical region consists of from thirteen to twenty-five vertebrae, the 
commonest number being fourteen or fifteen. The centra are mostly elongate 
and freely movable upon one another, ^ 

save that in hornbills the atlas and axis 
may unite, and in a few other birds, the 
tinamous for example, the last cervical 
may fuse with the dorsals. The dorsal 
vertebrae number from six to ten, the 
first of the series being always the first 
vertebra connected with the sternum by 
a dorsal and sternal rib. The dorsal 
aeries includes also those rib- bearing iiapcnmu r^u'ittZ^I upr" cr.tK™«; 
vertebrae which are united with the ^t"*^ LsuniM^.nd .bieriDr(B),«|i«uor 
sacrum, and the number of free dorsals 

is much less, being as few as three in Pdroica, only seven in the long-bodied 
grebe, and eight in the crested auklet. The centra of these vertebrae are 
comparatively short. 

In water binls {e.g. penguins and some auks) all the presacral vertebrae 
may be free though their motion is restricted, but usually from two to four of 
the dorsals are fused to stiffen the trunk for flight, one free vertebra being left 
between these and the synsacrum. The latter is a very complex bone, usually 
composed in the adult of dorsal, lumbar, sacral, and caudal vertebrae united 
in one solid mass, as many as twenty vertebrae taking part in its formation. 
The true sacrals are those two lying behind the cavity containing the kidneys, 
having transverse processes and sacral ribs, reaching from their centra to the 
ilia. The rib-like nature of these may be seen in embryos, particularly of the 
VOL. II s 




ostrich, which as well aa the apteryx has three eacrala. The greater number 
of vertebrae in the synsacrum are united with the ilia by diapopl'.yses, or 
transverse processes given off from the neural arch. The aiichylosed vertebrae 
behind the true sacrals are the urosacrals, and belong 
to the caudal series ; their number may vary slightly 
within specific limits. The free caiidals in existing 
birds usually number about six, besides the terminal 
ploughshare-bone or pygostyle, which is composed of 
from four to six fused vertebrae. In the Jurassic 
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ArckaeopieTi/x there were at least twenty free and long caudals with a pair of 
rectrices to each vertebra. 

All the presacral vertebrae with the exception of the atlas are usually 
costiferouB, and ribs may l)e present also on the anterior two or three sacrals ; 
those of the cervical region fuse with the vertebrae, except the last two or 
three. The true character of the cervical processes thus formed may be seen 
in embryos and to particular advantage in the young ostrich, where they 
remain for some time free, as they did permanently in Arckaeopterifx. With 
few exceptions the last cervical rib and all the thoracic ribs save the last one 
or two bear uncinate processes, or thin flat blades of bone directed obliquely 
upward and backward to overlap the succeeding rib. These processes usually 
unite with the ribs, but in some cases (Moas and many water birds) remain 
free. The screamers, Chaiino, Pnlavu-'lea, are exceptional in that the ribs are 
devoid of uncinate processes, while they are vestigial in the Secretary Bird. 
Appended to the thoracic ribs are sternal or abdominal ribs, from two to 
five pairs of which are attached to the sternum. 

A sternum is always jiresent, except possibly in ATchaeopleryx, and this is 
externally convex and generally broad. It may cover only the anterior 
jKjrtion of the thorax, or may be so prolonged, as in water birds, that its 
posterior end underlies the pelvis, or extends nearly to the pubes, as in 
humming-birds. In birds of flight or those which use their wings in 
swimming, as the penguins and auks, the sternum is keeled beneath ; but 
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in flightleaa birds (Katitea) it may be quite smooth. The anterior end may 
or may not bear a manubrial process, the posterior portion may be jioiiited, 
rounded, emarginate, 
or have two or four 
notches, sometimes 
very deep. The cora- 
coida are attached to 
the front portion of 
the sternum, and im- 
mediately behind these 
are two processes, one 
on either side, known 
as the costal processes, 
to which some of the 
abdominal or sternal 
ribs are articulated. 

is characterised by the ^^^^^ „„^^,^^ „„^„_. ,^^^J^: "^^^ ^^^„ ,^„ ,^^,^, ^^^^^ ^, 
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the ailult. In the tinamous, however, the suture between 
the pariotale and frontals seems to remain permanently 
open. The brain cavity is lelatively less diminutive than 
in reptiles, exceeding oven that of Pterosaurs by a con- 
8i<ierable margin. The cranial osteology is very similar to 
that of the Ardtosaurui, the chief difference consisting in 
the constant absence of an upper, and constant presence of 
a lower temporal arcade. The large orbits look forward 
in the owls, but are laterally directed in the majority of 
birds, and except in parrots are incompletely enclosed on 
the inferior margin. A sclerotic ring of numerous bony 
pieces is very generally developed around the eye. An 
antorbital vacuity is present, as in Dinosaurs, Pterosaurs, 
and Crocoditians, close in front of which, near the base of 
the beak, are placed the paired external narial openings. 

The single occipital condyle, formed mainly by the 
basioccipital, is shifted downwards and forwards so that 
the long axis of the head is approximately at right angles 
to that of the neck. The paired parietals are exceeded in 
size by the large frontala, which form the greater part of 
the cranial roof and superior border of the orbits. Inde- 
pendent postorbitals and postfrontals are not developed, 
and there is, of course, no supratemporal vacuity. The 
inferior temporal arcade, formed by the slender jngai and 
[ quad rate- jugal, connects the equally slender maxilla with 
the quadrate. 

The squamosal and periotic elements (proiitic, epiotic, 
and o[>iathotic} fuse to form a single bone which is united with the occipital and 
{larietals, and to which the large quadrate is movably attached. An independent 
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lachrymal is often present at the anterior margin of the orbit, and there is an 
ossified or membranous interorbital septum of considerable size. In the anterior 
prolongation of the latter is a vertically placed unpaired ethmoid, which is 
continued in front as a bony or cartilaginous nasal septum. The lateral 
ethmoids are placed between the orbits and external nares, and are pierced 
for the passage of the olfactory nerves. The greater part of the beak is 
formed by the fused premaxillae, with the sides of which the maxillae are 
fused ; its margins are sheathed with a horny layer, and it is often movably 
connected with the skull. When the mouth is opened, the end of the beak is 
raised by pressure transmitted to it from the quadrate by means of the ptery- 
goid and palatine bones, and more especially by the rod-like quadrato-jugal. 

Broadly speaking, the bones of the palatal portion of the skull are arranged 
on two plans. In the one the vomer is broad and unites in front with the 
maxillo-palatines, while behind it receives the posterior extremities of the 
palatines and the anterior ends of the pterygoids, which are thus excluded 
from contact with the sphenoidal rostnim. This is the dromaeognath<m$ type 
of palate found in struthious birds, the apteryges and tinamous. In birds 
with this arrangement the head of the quadrate usually has but a single 
articular face, or is but faintly divided into two portions ; and rather long 
basipterygoid processes from the sides of the sphenoid give this bone some- 
what of a cruciform shape. 

Jn the second type of palate, which may be called the euamithic, the vomer 
embraces posteriorly the sphenoidal rostrum between the palatines, and these 
latter articulate with the pterygoids and with the sphenoid. This arrange- 
ment predominates in the vast majority of birds, and they also have the head 
of the quadrate double, or with two articular facettes. Basipterygoid processes 
are present in some euomithic skulls, but these most frequently assume the 
form of low facettes on the sphenoidal rostrum, with which the pterygoids are 
movably articulated. The euomithic type of skull is subject to various 
modifications in the development of the vomer and those inwardly directed 
processes of the maxillae termed the maxillo-p^latines. When the vomer is 
pK)inted in front and entirely free from the maxillo-palatines, and these are 
free from each other, the skull is termed schizognathous ; when the maxillo- 
palatines are expanded and fused with each other, the vomer being small 
or absent, the skull is desmognathous ; when the vomer is expanded in front 
and free from the maxillo-palatines, and these are slender at their point of 
origin and disjoined, the skull is said to be aegithognathous. 

Two terms applied to conditions of the bones bounding the narial openings 
and much used in classification, holorhinal and schizorhinaly may be explained 
here. In the holorhinal type the openings are more or less oval, the posterior 
border curved and lying in advance of the posterior ends of the premaxillaries. 
In the schizorhinal type the openings are more or less elongate with the 
posterior border angular or slit-like and lying back of the posterior ends of 
the premaxillaries. 

In all modern birds the mandibular rami become fused at an early stage 
into a long symphysis, and only among certain Mesozoic forms (Ichihyomis) 
are they united by suture or by ligaments as in reptiles. The six elements 
of which the mandible is composed fuse into a single piece as in modern birds, 
and there is frequently a lateral vacuity between the dentary and splenial, as 
in crocodiles. Although the earliest known birds have conical thecodont 
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teeth, and dental papillae or a dental ridge sometimes occur in the jaws of 
some modern embryos (parrot, ostrich), true teeth are invariably wanting 
among existing species. 

^.^ The pectoral arch is firmly attached to the thorax, in conformity with the 
mechanical requirements of flight. The long blade-like scapula has no ridge, 
extends along the dorsal side of the thoracic ribs, and takes part with the 
coracoid in the glenoid cavity for the head of the humerus. Penguins are 
exceptional in having the scapula broadly expanded posteriorly. The coracoids 
are stout and pillar-like, their function being to receive the downward pull of 
the wing muscles during flight. The clavicles, which are usually united in a 
forked bone (furcula), sometimes act as supports ; and by their union with 
the coracoids at the shoulder-joint, and with the sternal keel below in the 
centre, tend to resist the thrust of the wing muscles in flight. In some birds 
of powerful flight (pigeons, humming-birds), however, the clavicles are so weak 
as to be of no service from a mechanical standpK)int. Among Ratites and also 
a few Carinates (toucans, parrots) the clavicles are rudimentary or wanting, 
and never unite to form a furcula. The furcula of Carinates may anchylose 
either with the keel of the sternum (Steganopodes) or with the coracoids (Opis- 
thocormts), and in the frigate birds with both at once. 

The humerus of Carinates is expanded at both ends, and provided at its 
proximal extremity with a strong pre-axial del to-pectoral ridge for the attach- 
ment of the pectoral muscles. Its articular head is vertically elongated, and 
there is often a pneumatic foramen adjoining it on the inner side. At its 
distal extremity is a prominent oblique condyle on the inner side of the palmar 
aspect for articulation with the radius, but there are never any condylar 
foramina. The humerus of flightless birds is degenerate, and sometimes absent 
altogether, as in many Moas. In the fore wing, which is generally longer 
than the humerus, the ulna is more strongly developed than the radius, and 
often exhibits a row of tubercles along its lower edge for the attachment of 
the secondaries. The carpus of adult modern birds contains only two bones 
(radiale and ulnare) ; a distal row, however, is indicated in embryos by two 
separate cartilaginous elements, which later become fused with the metacarpals. 
The latter are never more than three in number, are unequally developed, and 
in existing Carinates are more or less completely fused. Metacarpal No. i is 
much reduced, and bears one or more, rarely two, short phalanges for the 
support of the so-called bastard wing (alula) ; the second metacarpal usually 
bears two phalanges and the third, one. The first and second digits are some- 
times clawed (Struthio, Rhea^ Chauna\ and in Archaeopteryx all three terminate 
in claws. 

The three elements of the pelvis are anchylosed (except in Arch-aeopteryx), 
and usually unite with the synsacrum. In water-birds this union takes place 
somewhat slowly, and in penguins and the great auk not at all. The ilium 
is elongate, and may, as in birds of prey, extend much further in front of the 
acetabulum than behind it. Ischiiun and pubis are both directed backwards. 
The pubes often remain free from the ilia, and never unite with one another 
to form a symphysis except in the ostrich. Since the retroversion of the pubis 
is proved by embryological researches to be a secondary modification, no 
homology can exist between this and the post-pubis of Ornithopodous Dino- 
saurs, and the processus Uiopectinealis (Fig. 365) must be regarded as a structure 
peculiar to birds alone. 
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The femur in birds is short and stout, with the neck and head extending 
inwards into the acetabulum at right angles to the shaft. The latter is 
directed forwards and slightly downwards during life, and is concealed beneath 
the flesh and feathers of the abdomen in such a way that the knee-joint is not 
visible externally. Its distal condyles are large and antero - posteriorly 
elongated, and a patella is present in most cases. The tibia is a stout bone 
considerably longer than the femur. Its expanded proximal end exhibits a 
procnemial crest, which may extend above the knee-joint, and the distal 
extremity has a trochlea-like surface, transversely elongated, and slightly 
hollowed in the middle. In young Ratites, and in the embryos of Carinate 
birds, the presence of a suture near the distal end of this bone indicates that 
an astragalus and calcaneum are fused with it, thus forming a tibio-tarsus. 
In the Moas the united astragalus and calcaneum remain for some time quite 
free from the tibia. 

The fibula in birds is a degenerate bone, and best developed in the Moas, 
where, although short, it is stout and free. In most birds it is more or less 
fused with the tibia, and is longest in the penguins, the fish-hawk, and some 
owls, where it reaches almost to the ankle-joint. 

The distal row of tarsals fuses with the coossified metatarsals to form a 
tarso-metatarsus (Fig. 366). This bone is peculiarly characteristic of birds, 
and its variations, together with those of the tibia, cause the differences in the 
length of the leg among different forms, which are sometimes enormous. The 
fifth metatarsal is never developed, and the first, when present, is always 
rudimentary, being attached to the inner side of the tarso-metatarsus by 
ligament, or more rarely by suture. Metatarsals Nos. Il to IV are imper- 
fectly united in ArcJuieopferi/x, and completely separated in the embryos of 
modern birds ; but in the adult condition they are always fused into a single 
bone, although the three components are plainly distinguishable in penguins. 
This metapodal element terminates distally in three pulley-like surfaces for 
the articulation of the phalangeals. Generally the me^AU condyle is thrust 
forward in advance of the other two, and the modiTOMfcions of this region 
afford important taxonomic characters. There is remarkable constancy in the 
number of phalanges present in the toes of birds, the formula being 2, 3, 4, 5 
in almost all cases where the full complement of digits is present. The 
hallux, however, is frequently wanting, and in the ostrich only digits Nos. in 
and IV are developed. An apparent exception to the usual formula occurs 
among some swifts and goatsuckers, where owing to fusion of some of the 
phalanges the formula is 2, 3, 3, 3. 

Fossil egg-shells or casts of the same have been obtained from the Cretace- 
ous and various Tertiary horizons, but are naturally much less common than 
bones of the skeleton. They belong for the most part to cursorial or wading 
birds. The largest known eggs are those of Aepyomis, from the superficial 
deposits of Madagascar, which have a capacity of about eight liters. Foetal 
bones are occasionally found in Moa eggs from New Zealand. Certain three- 
toed footprints occurring in the Trias of the Connecticut Valley were formerly 
ascribed to an avian origin, but are doubtless referable for the most part to 
bipedal Dinosaurs. The presumable kinship between birds and Dinosaurs has 
already been discussed under the head of the latter group 

In comparison to the large number of recent species, of which over 12,000 
have been described, the 400 or 500 known fossil forms yield but an in- 
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significant record of the ancient avian faunas. Yet as far as the record shows, 
Tertiary ornithic faunas were essentially like the modern, and it is only as we 
direct attention to the Mesozoic that signal differences are to be observed. In 
Archcieopteryx, the oldest known bird, the tail had not become atrophied, nor 
the teeth lost in the adult ; the pelvis was not fully developed, and the verte- 
brae had not yet acquired the saddle-shaped articulations characteristic of 
post-Jurassic forms. 

The Classification of Birds. — Classification, as here employed, is an attempt to 
place together related species and to arrange the groups thus formed so as to 
indicate the extent to which each has been modified, or has departed from 
what is conceived to be the most generalised or lowest type. Further than 
this a linear or tabular arrangement cannot go, and it is obviously impossible 
to express in such a manner the interrelationships of the various groups ; 
moreover, such a series cannot be so arranged that we may pass by regular 
gradations from the lower to the higher forms. 

The difficulties attending the classification of birds are at once their great 
general similarity of structure and their numerous adaptive modifications, 
sometimes slight, sometimes so great as to obscure characters of real value. 
There are, besides, a certain number of aberrant forms whose exact position is 
a matter of uncertainty, and others in which there are departures more or less 
pronounced from the general structure of the group in which they should 
obviously be placed. For it must be constantly borne in mind that in 
palaeornithology we are not dealing with the entire class of birds, but only 
with a certain iK)rtion of it, since the number of known fossil birds is very 
small, and it is consequently impossible to trace the lines*of descent of existing 
species ; we do not even have broken lines to guide us, but merely isolated 
dots to indicate their probable existence. For the proportion of fossil to 
existing birds is small indeed, about 500 extinct to 12,000 living species, and 
most of these are from the Miocene or later horizons ; they are easily refer- 
able to existing families and often to existing genera, so that they throw little 
light on the phylogeny of modern birds. 

The reasons for the remarkable dearth of fossil avian remains are obscure, 
and those usually adduced, such as the imperfection of the geological record, do 
not seem altogether satisfactory, the more so since in some favoured localities, 
such as Allier in Southern France, and Fossil Lake, Oregon, bones of birds 
have been found in considerable numbers. The palaeontologist is further 
hampered by having to restrict himself to characters offered by the skeleton 
alone, and while these are of primary importance, much valuable evidence 
may be gathered from the muscles, viscera, and plumation. And birds must 
be classified by the resultant of all their characters, not by any one set, for 
the exceptions to any general rule are nowhere more numerous among verte- 
brates than in this particular class. Finally, there is the personal equation, 
or the individual opinion of the classifier, as to the relative values of the 
characters on which we must rely for uniting or separating species. For these 
reasons no two systems will be found to agree in all their details, certain 
birds or groups of birds being particularly liable to shifting about at the hands 
of the taxonomist. 

The divisions here employed are practically those of Stejneger,^ although 

* Standard Natural History, vol. HI. — Birds. Boston, 1885 (afterwards changed to the Riverside 
Natural History). 
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the Hegperomilhfs, Ichih^ornUlifs, and Imprniies have been reduced to a loner 
grade than that assigned them in his Bystem, as has been done by Fiirbi'inger 
and others. These divisions, which correspond in a great measure to the sub- 
orders of Fiirbringer, are larger than those usually considered as orders, and 
often comprise some very 
diverse forms. An alterna- 
tive is to treat each group 
separately, which gives from 
twenty to forty divisions, 
variously designated as 
families, sub-orders, or orders. 



Sub-Olass 1. 
SAUBURAE.' 

Tail .feathers an-angeil in 
fiairs on either side of the elon- 
•latf caudal vertebrae. Wmtiubi 
rudimenlary ; dor»il ri/>s tnlh- 
out imcinate processes ; cei-vical 
rd>sfree; vertebrcw amphitxelmis. 
Pelmc elements separate, as are 
alio Ike melaearpah : tliyitf 
davxil. 

Order 1. 
ABCHAEOBNITHES. 

ShUl lypteally (nrd - like, 

£ /Dvvided with a aeries ttf awiral, 

'socketed leelk along the tnarijin 

I'f the upper and lower jawt. 

f'erteiiTae ainphieoelotis, aiid the 

lizanl-like tail longer tlian thf 

presacral portion of the cMumn. 

Remiges atid rectric-ex, leilh their 

roveris, well developeii. Upper 

F>... sfl7. .Tiira. 

mch^iidr»i'?iri^!'*'C't'cir|ii :^rffh^mu'i«\''^"ii™™^'^''*.' Archaeopteryr, von Meyer 

SS:r(i«;;i,SSi";:i„:;nn":i;;.,ha"""- ""'^"' '" '^""' (Cw/w«i«n«, Wagner), (Fig. 

.367). This unique and in 

many respects remarkable genua is known by two nearly complete skeletons 

from the Lithographic Stone of Bavaria, one of whieh is preserved in the 

' Damra, II'., Tcher Arvhseopleryi (Halneont, Abli»ndl. Dnmes und Kayiier, vol. II. p. 119i, 
1^84.~Ueb«T BniHtliciii. Scliultor- und B«ckeiigurt«l <]er Arcliaeopleryi (8iUuugBb«r. preuss. Akxl. 
Wiueiisch. vol. XXXVni. p. 818). 1897.— Onvr. R., Od the A rchaeopteiyx of Ton Meyer (t>bi1. 
TraoM. vol. CLIII. p, 331, 1883.— /"ynuft, »'. /*., The Wing of AroliHeopletyi (N«t. Sci. vol. Vlll. 
p. 2«1), 1898.— .SWr-v. H. O., ProfeMorC. Vojil on ArchaeojHerj'n )(teol. Mug. [2], toI. Vlll. p. 45J), 
1881.— I'u^. (-., Sur rAruhaeopteryx macrurn (Rvviie Sclent [^l vol. XXIII. p. 2411, l»r9. 
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British and the other in the Berlin Museum. They are considered as repre- 
senting two species, A. macrura and A, siemensiy and fortunately supplement 
each other in such wise that the osteology is known with tolerable accuracy. 
Contrary to the usual condition among birds, none of the bones appear to 
have been pneumatic. 

The skull is shaped like that of a typical bird, its constituent elements 
being fused together, and the quadrate apparently free. A sclerotic ring is 
present, and there is a series of thirteen conical teeth on each side in the upper 
jaw, fixed probably in distinct sockets. The vertebral column comprises 
about fifty vertebrae, of which ten or eleven are cervical, eleven or twelve 
dorsal, two lumbar, six or seven sacral, and about twenty caudal. The 
cervical and dorsal vertebrae seem to have been amphicoelous, or amphi- 
platyan, as in reptiles, and bear weakly developed transverse processes and 
neural spines. The ribs are very slender, free in the neck region, and without 
ossified uncinate processes in the thoracic region. Twelve or thirteen pairs of 
abdominal ribs are present in the ventral wall of the body cavity. In the 
pectoral arch the long and slender scapula is essentially bird-like, and exhibits 
a well-developed acromion. The sternum is unfortunately not well preserved, 
but the coracoids and (J-shaped furcula resemble those of modern Carinate 
birds. The wing is relatively small, and its bones slender. Radius and ulna 
are straight, and but little shorter than the humerus. The carpus is im- 
perfectly known, and the three metacarpals appear to have been free. Meta- 
carpal No. I is quite short, and No. li longer and stouter than the first or 
third. The lizard-like manus terminates in three clawed digits having the 
phalangeal formula 2, 3, 4. 

The three pelvic elements appear to have been distinct, and united with 
each other by persistent sutures. The acetabulum is perforate. The hind 
limb is essentially avian, and conspicuous only for the weak development of 
the cnemial crest of the tibia. There are four clawed digits in the pes (Nos. I 
to iv), with the phalangeal formula 2, 3, 4, 5. In the wing are observed 
seven primary and ten secondary remiges with their coverts. The rectrices of 
the tail are arranged in pairs, directed obliquely backward, one pair to each 
vertebra. Contour feathers are also indicated on the neck and along the 
tibia. 

Archofopteryx appears to have been intermediate in size between an ordinary 
pigeon and crow, and to have enjoyed a moderate iK)wer of flight. The clawed 
digits of the manus were doubtless effective in climbing trees and rocks. In 
this connection the quadrupedal habits of young modern birds, especially the 
hoactzin {Opisthocomus\ cormorant, and certain water-fowls, are of significance 
as indicating a possible survival, " handed down from the very dawn of avian 
development " (Pycraft). 



Sub-Class 2. ORNITHURAE. 

Tail feathers arranged like a fan around the terminal portion of the shortened 
caudal vertebrae^ a number of which are usually united to form a pygostyU. Sternum 
well developed; dorsal ^ribs (save in Palamedea and Chauna) wiih uncinate 
processes; cervical ribs united with their vertebrae. Pelvic elements proximally 
united ; metacarpals united. 



Super-Order 1. ODONTOLCAE.' 

Einh viUk teeth implanted in a coiUinmnis groove ; mamlilmtar rami uniied at 
t)ie. Sffinphi/sis by ligameid onh/, and uHh their component bortes free from mie another. 
Clavicles free from one another. Basiplert/t/oiil processes watUing; palatal strwiare 
imperfedly known, bid the haul of the quadrate is single and the vomer is probalilti 
pairi'd. Hones of pelvis free posleriorlij ; vertebral articulations saddle-sliaped. 

The order Hesperornilhes contains membera of the genus Hesperomis (Figs. 
362, 363, 368) and their allies from the Upper Cretaceous of Kansas. So far 



V 



//.-7,,.ir,(i».Tj((li«, Manih. Ujiiif r CreUceou* ; Ksrmis. iteslontlun of skeleWn, I/b(«1* 

s is known the teeth in the upper mandible were confined to the n 
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in Ilesperomis the extremely long premaxillae are toothless. In the mandible 
the teeth extend to the tip. Sesperomis was a flightless and highly specialised 
diving bird of great size, having the wing repreeented by the humerus only. 
The coracoid is short and wide, but the clavicle articulates with the inner side 
of the head as is customary among birds.' The pelvis is greatly compressed, 
the femora short and massive, the patella enormous and functioning as a 
cnemial process, the tibiae hollow. The outer digit of the four-toed foot is 
much the largest, being nearly twice the length of the third digit ; the toes 
appear to have been lobed, and the tarsi were directed outwards from the sides 
of the body and not downwards as in modern birds. 

Eii'itiomis, from the Cambridge Greensand, has been considered as a related 
form, and another genus, Baplomis, also occurs in the Kansas Cretaceous. 

Super-Order 2. ODONTORMA£.' 

Binls with leeth iu separate sockets and with stiglUli/ amphicoelous veriehrai-. 
Palatal sintdure ujikjitmm, M the qwidrate has hit a single head. 

The order Jrhihyomithes is best known by lehthyomis victnr, Marsh (Figs. 
369-;l7]), a bird about the size of a pigeon, 
le Cretaceous of Kansas. The deeply 
sternum and the humerus indicate a 
powerful flight, but as in Hesperornis 
*ti>r(?ma«(W)iia/Afl(',thecomponent bones 
pelvis are posteriorly free. As in 
mis, the teeth of the separated halves 




R<riLUiiii[»'iinrHk«leton, V'j (nft'i' Minia 

of the lower mandible extend the full length of the dentary, while in the 
upper jaw they were confined to the maxilla. 

' Tliis 18 qnite cliffereiit from wliBt is ahown in Profeaaor Marsh's Bgure, but ■ apecimen in tliu 
Unital States Nalionnl MiiNeum shown that in bin npeciiuena the clnTicles nore slightly imperrect. 
'' Marih, 0. (,'.. OdoHtonrilhfs, eh:. WaBhington. 1880. 
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Super-Order 3. DROMAEOONATHAE.' 

The skull is of the Dromaeognathous type, and the head of the quadrate 
is single, save in the Apteryges^ in which the articular head is broad, and 
almost, or quite, double. While the single-headed quadrate is also found in 
the toothed birds Ichthyomis and Hesperomis, in these the halves of the lower 
mandible are free from one another, a point wherein they differ from other 
birds. The ischia are never united with the ilia save at the extreme distal 
portion, and are usually slender and free, while the aspect of the entire pelvis 
is quite different from that of the Euomithes, The upper end of the tarsus 
is never perforated for the passage of tendons, and the terminal caudals do not 
fuse to form a pygostyle. 

The Dramaeognathae comprise a small number of birds differing from one 
another in important particulars, but all evidently related to, or directly 
descended from, old and primitive forms ; they may be considered as the 
scattered survivors of the ancient avi-fauna of the globe, and some are confined 
to a remarkably small area. It is scarcely too much to say that greater 
differences of structure are to be found among the few members of this division 
than among all other existing birds, and these differences are such that they 
are frequently placed in different orders. The flightless struthious birds have 
a sternum devoid of a keel, and very variable in shape posteriorly, while the 
shoulder girdle exhibits various degrees of degeneration from the absence of 
clavicles to the lack of the entire wing. The pelvic region is also very variable 
as to the ischia and pubes. 

Order 1 STRUTHIONBS. 

This order comprises the true ostriches (StnUhio), the rheas (Ehea), the 
cassowaries, and emeus {Casnarius and Dronmius), these forming three groups 
in the order given, which are sometimes raised to ordinal rank, but more often 
considered as families, super-families, or sub-orders. The extinct Moas forming 
the family Dinornithidae form a distinct division, and the AepyomUhes of 
Madagascar still another, although owing to lack of knowledge of their palatal 
structure these last cannot be accurately placed. 

These are all large flightless birds, having, so far as known, a typically 
Dromaeognathous skull with the long basipterygoid processes arising from the 
body of the parasphenoid, giving it something of a cruciform shape ; the 
nostrils are holorhinal. The sternum is not keeled ; the scapula and coracoid 
are short and fused with one another, and the wings small. All these, how- 
ever, are negative characters correlated with loss of the power of flight. 

Family 1. Struthionidae. 

In the Struthionidae, or ostriches, the pubes are united in a ventral sym- 
physis, the toes reduced to two, the third and fourth digits only being present, 

* Pycra/L W. P., Morphology and Phylogeny of the Palaeognathae (Ratitae and Cryptnri) and 
Neognathae {Carinatae)^ (Trans. Zool. Soc, London, vol. XV. p. 149), 1900. This important paper 
contains a very full bibliography of works relating to the group here called Dromaeognaihae. Mr. 
Pycraft shows very clearly that the groups Ratitae and VarincUae are artificial, and that the 
Tinaraous belong with the Ostriclies. 
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and the weight of the body carried mainly by the third, a high degree of 
specialisation due to modification for running. Fossil remains of these birds 
occur in the Lower Pliocene of the Siwalik Hills and the Island of Samos, 
while fossil eggs, slightly larger than those of the living ostrich, have been 
described under the name of Struthiolithusy from superficial deposits of Southern 
Kussia and Northern China. This would seem to indicate that the range of 
the group has been restricted through the agency of man. 

Family 2. Bheidae. 

The rheas have the ischia turned inward, so that they meet and are united 
beneath the ilia, while a number of the anterior caudal vertebrae are crowded 
out and aborted ; they have three digits in the foot. The species of this 
family are confined to southern South America, where remains referable to 
existing species occur in Pleistocene deposits. 

Diainjtna, Cope, from the Eocene of New Mexico, was assigned to this group 
by Cope, but it is very doubtful if this is correct ; the affinities of Diatryma 
appear to be rather with the South American Plwrorhacidde, 

Family 3. Dromaiidae. 

The emeus from Australia, and the cassowaries from Northern Australia, 
and a number of the islands to the northward, have no striking peculiarities 
of the pelvic region, and are three-toed. The bones of the wing are very 
greatly reduced in size. Allied to the emeus is Genyomis from the Pleistocene 
of Australia, a bird of massive build with a skull 0*3 m. in length. Hypselomis 
occurs in the Pliocene of India. 

Family 4. Aepyomithidae.^ 

The Aepyornithidaey although known only by fossil remains, including entire 
egg-shells, from Northern Madagascar, have become extinct at a comparatively 
recent epoch. They were birds of great size and massive build, having a 
relatively small skull and an unusually short and broad sternum, with well- 
developed facettes for the coracoids. Foot normally with four digits, but the 
hallux is sometimes wanting. The nearest relatives of these birds are con- 
sidered to be the cassowaries and emeus. The typical species is the 
unfortunately named Aepyornis maximtis, a species considerably exceeded in 
size by A, titan, which has a tibia 80 cm. in length. 

Familv 5. Dinomithidae. 

The Dinomithidae ^ comprise about twenty or twenty-five species of birds 
popularly known as Moas. 

* Andrt\r8, C. IF., Skeleton of Aepyornis (Ibis, p. 376), 1896. Also, Geol. Mag. [4], vol. IV. 
(1897)» p. 241. — Bianconiy O, O., Recherches sur TEpyornis maximus (Ann. ScL Nat. Zool. [5], vol. 
III. p. 58), 1865. — Capellinif O.^ Sul primo novo di Aepyornis maximus arrivato in Italia (Mem. Acad. 
ScL Ist. Bologna [41 vol. X.), 1889. — MUiu-Edicartis^ A.^ and (iramiidier, A.^ Ann. Sci. Nat. Zool. 
[51 vol. XII. p. 167), 1870. 

* For papers relating to DinomUhulae^ see I/omilton, A.^ Bibliography of Dinomithidae (Trans. 
New Zeal. Inst. XXVI. (1893), p. 229). Also, Hutton, F, ir., New Zeal. Joum. Sci., Nov. 1891, 
p. 6. — Parker^ T. y., On the Cninial Osteology, etc. of Dinomithidae (Trans. Zool. Soc., London, 
vol. XIII. p. 378), 1895.— ^?trfmr«, C. ir., Skeleton of Megalapteryx (Novit. Zoologicae, vol. II. 
p. 188), 1897. 
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The winga and pectoral arch extremely rudimentary or absent. Beak 
short and slightly deflected. Hind limbs in most species exceptionally 
massive. Femur usually without pneumatic foramina. Tibio-tarsns with 
bony bridge over the groove for extensor tendons. Hallux sometimes present 
ia -addition to the three usual digits. 

The "Moas" are birds of large or gigantic size, and of exceptionally 

massive build, which existed in New Zealand in great abundance and variety 

duriner the late Tertiarv. and became 

m 



caves with some of the ligaments and portions of the integument preserved. 
Xo remains are known older than the Pliocene. The plumage, so far as 
known, resembles that of emeus and cassowaries. 

Dinurnis, Owen. Beak relatively wide and pointed, temporal fossae lar^e. 
About twenty vertebrae present in cei'vical and sacral regions res]>ectively. 
Sternum about as long as broad, very convex, with small coracoidal 
facettes, three costal faccttes on each side, widely divergent lateral processes, 
and a xiphisternal notch. Scapulocoracoid element without glenoid cavity 
for the humerus Pelvis narrow, with elevated ilium. Femur comparatively 
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long, its medullary cavity with very thick walls. Tibio- tarsus and tarso- 
metatarsus also long and slender ; hallux rudimentary or absent. D, inaximus, 
Owen, attained a height of over 3*5 m. when standing. 

Palapteryx, Owen {Eurapteryx, Haast), (Fig. 372). Smaller but much 
stouter than the preceding. Beak short and rounded ; sternum flat, broader 
than long, without coracoidal facettes ; pelvis low and broad. Hind limbs 
extremely massive, crus relatively short ; hallux present. Total height less 
than 2 m. 

Anomalopteryx, Reich. Small birds of comparatively slender build. Skull 
narrow and elevated, with sharply-pointed beak. Sternum much longer than 
broad, moderately flattened, with faint or no coracoidal facettes, three costal 
facettes on each side, and a pair of long and slender lateral processes. Tarso- 
metatarsus shorter than the femur, and scarcely half as long as the tibio- 
tarsus ; hallux present. 

MegalapteryXy Mesopteryx, Haast. These genera accompany the preceding, 
but are less satisfactorily known. 

Order 2. AFTER YGBS.^ 

This order contains the small, flightless birds of the genus Apteryx, found 
only in New Zealand. They are readily distinguished by their long, rather 
slender beaks, and by the nostrils opening at the end of the beak, a point 
wherein they differ from all other birds. The sternum is broad, the wings 
minute, the foot four-toed, the first digit being small, and above the level of 
the others. Eemains of several species of Apteryx, mainly ascribable to living 
species, occur in superficial deposits of New Zealand. 

Order 3. ORYPTURI. 

The tinamous, constituting the order Crypturiy are Dronuieognathae, having a 
long, narrow keeled sternum, with a long, slender lateral process on either 
side. In the shortening of the vomer, and moving forward of the palatine 
region, they show an approach towards the Euomithes, The tinamous resemble 
little ostriches in their appearance, but have a limited power of flight ; and 
because of this, their small size, and keeled sternum, they have been kept near 
the gallinaceous birds. It may well be that they retain the primitive characters 
of the group from which some of the Gallinae have been derived, but it is of 
interest to note that while in some details of their musculature they resemble 
the fowls, in other and more striking points they resemble the ostriches. The 
group is eminently characteristic of South America, although it extends north- 
wards into Mexico. So far very few fossil remains of the tinamous have been 
found, and these from comparatively recent deposits. 



Super-Order 4. EUORNITHES. 

The super-order EiujrnUhes comprises the vast majority of existing birds, 
and is the equivalent of the Cannatae, less Ichthyornis, and the tinamous. Its 
members are characteriseti by having the Euornithic type of skull (see p. 260), 

^ Parker, T. /., Anatomy anl Development of Apteryx (Phil. Trans. Roy. Soc.), London, 1*^91. 
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and the ilium and ischium are always fused p>08teriorly. The hypotarsus has 
one or more tendinal canals, and the sternum is generally keeled, although this 
is a character of little value, since any group may have its flightless forms. 
Thus we have the owl parrot (Stringops hahroptilus), Harris's cormorant (Halieus 
harrisi)y the weka rail (Ocydromvs audralis), and the dodo (Didus ineptns), 
each representing a different order. 

Limits of space preclude more than a brief survey of the various sub- 
divisions of the Euornithes, and the student will no doubt be struck by the 
slight and often unsatisfactory nature of the osteological characters used to 
define them. It is hoped that failure in this respect may be pardoned, since 
Huxley, Fiirbringer, and Beddard were all forced to rely largely on the muscles 
and pterylosis to define their divisions of birds. 

Order 1. IMPBNNBS. Penguins.^ 

The penguins deserve particular notice on account of their high specialisa- 
tion as swimming birds, while at the same time they present some primitive 
characters. The wings are shortened, flattened, and modified into paddles, but 
as they are moved by the muscles employed by other birds in flight, the 
sternum retains its keel. The skull is schizognathous, and the component 
bones remain free from one another for an unusual length of time ; the 
pterygoids are very large. The scapula is unique among birds in being 
expanded posteriorly. The dorsal vertebrae are markedly opisthocoelous. 
The tarsus is short and wide, and its three component tarsals plainly indicated 
by their imperfect fusion. 

On account of these characters and peculiarities found in the pterylosis 
and muscles. Gill, Stejneger, and Menzbier have considered the penguins as 
forming a group equal in value to the rest of the Euomithes / but this seems 
too exalted a rank, and does not take purely adaptive featiu'es sufficiently into 
account. The group is characteristic of the southern parts of the southern 
hemisphere, but extends to the equator off the west coast of South America. 
Its geological history is imperfectly known, but the penguins must have 
attained their specialisation at an early date, as one genus (Paldeosphemscus) 
has been obtained from the Eocene of Patagonia, and a giant form (Pala- 
eiulyptes) is known from the Eocene of New Zealand. 



Order 2. CBOOMORPHAB. 

The CecomorpJioe include the auks, gulls, divers, and petrels, these last 
diverging from the other members of the order and often placed in an order 
by themselves, the Ttthinares, The divers {Colymbidae) and petrels are con- 
sidered, among existing birds, to be those nearest the penguins, the Tvimart^ 
again having some points of resemblance to the storks (Grallae). The Ceco- 
morphae are swimming birds, having a schizognathous palate and the angle of 
the mandible truncate. 

An albatross, Diomedea anglica, occurs in the Red Crag, Pliocene, of 
England, and remains of gulls are numerous in the Miocene of the south of 

^ Watsim^ J/., Rei>ort on the Penguins collecte I bv the Challenger (Challenger Reports, toL VII. 
Part XVII I.), 1883. 
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France ; and it is of interest to note that the earliest known auk, Mancalla 
califomiensiSy from the Upi>er Miocene of California, was a highly specialised 
and flightless form. 

Order 3. GRALLAB. 

The Grallae are a group of wading birds having a schizognathous skull with- 
out basipterygoid processes and schizorhinal nostrils. The order embraces the 
cranes, snipe, bustards, and rails, and includes an unusual number of aberrant 
forms, such as the South American trumpeter, Psophia; the Seriema, Cariama; 
and the New Caledonian Rhinochoelus, birds which retain some of the characters 
of their ancestral forms, and hence being more generalised than their modern 
relatives, are hard to fit into any scheme of classification. 

The plovers closely approach the gulls among the Cecomorphaey^ while 
through Cariama the Grallae point towards the birds of prey, and there is a 
strong and probably more than superficial likeness between this and the 
equally aberrant accipitrine secretary bird. 

The gigantic birds of the genus Phororhacos, and their allies from the 
Miocene of Patagonia, are gralline birds related to Cariama, although some 
structural details seem to point towards the herons. They are distinguished 
by a large skull having a high, compressed, and sharply hooked beak, and by 
a small sternum and shoulder girdle ; the pubis, save the anterior end, is 
lacking. The skull of the largest species, Phororhacos longissimuSy was 0*6 m. 
long, and the cervical vertebrae 1 3 cm. across, far exceeding in their dimensions 
those of any other bird. Their structure suggests that they were cursorial 
birds of prey in their habits. These highly specialised forms are from the 
Santa Cruz beds of the Miocene of Patagonia. It is probable that Diairyma 
from New Mexico is related to these birds. A crane, PalaeogruSy occurs in 
the Eocene of Italy ; and another, Aletomis, in the Eocene of Wyoming. A 
rail, GypsorniSy is found in the Eocene of Montmatre. 



Order 4. CHBNOMORPHAB. 

The Chenortwrphae, or ducks, after excluding one or two debatable species, 
form a sharply defined group of water-birds, whose skull is typically desmo- 
gnathous, either by the direct fusion of the maxillo-palatines or their indirect 
union through the ossified narial septum. Low basipterygoid facettes are 
present, well forward on the sphenoid, and on these the pterygoids slide, 
allowing a slight motion of the beak. The posterior end of the mandible is 
produced and recurved. 

The " outliers " of the Chenomorphae are three species of South American 
birds representing the genera Palam>edea (or Anhima) and Chauna, which form 
either a separate order, sub -order, or superfamily, the Palamedeae. These 
birds have neither webbed feet nor duck-like bills, and bear a slight superficial 
resemblance to the fowls, although anatomical characters place them near 
the ducks. 

The flamingoes form another debatable group, assigned by some to the 

* That Beddard includes both gulls and plovers in his Limicolae may serve as an illustration 
of the slight variations among bird.s, and the extent to which individual opinion enters into the 
classifying of birds. 
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Vheiiomor^luu, by others to the Heroitioiies, their nffinities to both leading 

Huxley to place them in a separate group termed Amphimorphae. It may be 

that we have in the HamingoeB the survivors of a group from which both the 

Htorks and ducks were derive<l, since the group is an old one and its range 

formerly much more extenaive than at present. The earliest known member 

ia ScaRiAirnis, from the Cretaceous of Sweden, while the allied genus Ag)wpierua 

comes from the Eocene of the Paris Basin, and Klomis from the Eocene and 

Miocene. Several species of I'alaeciodus, a shorter- legged bird than the 

Hamingo, also occur in the 

Miocene of France, and a 

true Phoenkoptervs in the 

Pliocene of Oregon and 

Miocene of France. 

Oastomis, from the Eocene 
(>f Europe, is a large bird, 
placed at first with the 
ostriches, but more generally 
regarded as an aberrant 
member of the ChfitoiHOiphae. 
It is remarkable from the 
fact that the bones of the 
skull seem to have remainet) 
free from one another 
throughout life. 

Ducks are not uncommon 
in the Miocene of France 
and Pliocene of Oregon, ant! 
a large, flightless species. 
I'li^miortiis aildtraiie, occurs 
in the Pleistocene of New 
Zealand. This bini well 
exemplifieB some of the diffi- 
Fio. ivB. culties in the way of dcter- 

j™ WtfMAn,,!^ Miiw-Bdw. MiM.-1.51 SI. a™i<i-i9-Fii)-. mining the exact affinities 

VnMX. ReaWmtiun or skeleton, 3/g(ifter MLlne-Kdninla). , ^. , , , 

from isolated bones, since 
from the tibia Owen considered it to belong with the Moas, while from the 
sternum Parker believed it to be a rail ; the discovery of the skull showed it 
to be unequivocally a goose. Numerous species of Anas (Fig. 373), as well 
aa isolated representatives of Anser, Cygnus, Fuligvla, Spatula, Mergvs, and the 
like are known from the late Tertiary of various Euro)>ean localities. 



Order 5. HERODII. 

The Hemlii, containing the herons, storks, and ibises, may be defined as 
wading birds with unusually long legs, having desmognathous skulls without 
basipterygoid processes, and (save for few exceptions) with the angle of the 
mandible truncate, the exceptions occurring in the spoonbills, PlaiaUa. 

The herons appear first in the Lower Eocene, Proherotiiiis occurring in 
England, and Gi/psornis and Projuhrgus from the Upper Eocene of France. 
All ibis, Ibiilopsis, is found in the Upper Eocene of England, and IbutojKolia in 
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the Lower Miocene of France, while from the same formation and locality 
comes LeptoptiluSf now confined to warmer regions of Asia and Africa. From 
the Middle Miocene comes a true heron, Ardea, and above that the species 
represented are of existing genera. The flamingoes are discussed under the 
Chenomorphae, 

Order 6. STBGANOPODBS. 

The Steganopodes include the pelicans, cormorants, gannets, frigate 
birds, and tropic birds, and form a fairly homogeneous group of birds with 
a desmognathous skull, a sternum with a feeble keel, on the forwardly pro- 
duced anterior portion of which the lower ends of the clavicles rest and are 
frequently joined by anchylosis. A distinctive external feature is the union of 
all four toes by a web. 

The desmognathism of this group, as indicated by the species that have 
been most carefully studied, is of a different nature from that of the AccipUreSy 
being a secondary character acquired after the bird has been hatched, and due 
to the extension of ossification into the palatal region, which finally unites the 
various portions. In the cormorants, Phalacrocoiacidae^ and probably in the 
gannets, Sulidae, this is concomitant with the closing of the external nostrils, 
for the cormorants when hatched are schizognathous and holorhinal, and this 
condition lasts up to about the time they take to the water. The changes 
that occur are directly connected with the bird's habits, for the cormorants 
pursue their prey beneath the surface, while the gannets plunge down upon it 
from above. This absence of nostrils is associated with absence of the supra- 
orbital glands, and this in turn with the lack of the depressions to contain 
them, which are such obvious characters in the skulls of aquatic birds with 
open nostrils, such as ducks, gulls, petrels, and penguins. 

The Steganopodes seem to have differentiated early, for a cormorant, Graca- 
latuSy occurs in the Cretaceous of the United States. Ctjphornis magnus is 
known from the Eocene of Vancouver, and Prophaethon shruhsolei and 
Odontopteryx toliapicus from the London Clay, Lower Eocene. It is possible 
that this last may not belong to the order, although believed to be related 
to the gannets ; it is distinguished by having the mandible armed with 
tooth -like projections. The genus Fhalacrocorax ranges from the Eocene of 
Montmatre to the present, and other members of the order are found in the 
Miocene of Europe and Pliocene of the United States. 

Order 7. OPISTHOCOMI. 

The order Opidlwcomi contains but a single species, the extraordinary 
hoactzin (Opisihocomus cristatus) of South America. The skull is schizo- 
gnathous, without basipterygoid facettes. The sternum is widest posteriorly, 
and the keel is cut away in front, a peculiarity connected with the presence 
of a large crop ; the f urculum is anchylosed to the coracoids above and to the 
sternum below. In the nestling the thumb is large, clawed, and used in 
climbing, but in the adult it is clawless, and even smaller than in the majority 
of birds, being a remarkable instance of rapid retrogression. The hoactzin 
seems to have affinities with fowls, on the one hand, and the plantain-eaters, 
Musoplwgi, on the other, and is considered as a survival of a primitive type, 
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a supposition that gathers strength from the presence of an allied form, 
Filholornis, in the Upper Eocene of Southern France. 

Order 8. GALLINAE. 

The GaUinae are birds having a typically schizognathous skull, the maxillo- 
palatines being (with rare exceptions) widely separated, the vomer sometimes 
absent, small and pointed when present; there are basipterygoid facettes on the 
sphenoid. The sternum is four-notched, very deeply cleft in the true fowls, 
and much less so in the curassows and Australian Megapodes, the other two 
groups included in the order. The probable affinities of the fowls with the 
tinamous have already been noticed ; through the sand-grouse, PterodeteSy they 
are connected with the pigeons, Coluvibae, both of which are placed in orders 
by themselves, although the former is not here noted. Another order, 
Hemipodii, is usually made for the reception of the small birds of the genera 
Coiurnix and Pedionomus, familiarly known as button quails or bush quails, 
and ranging from Spain to Australia. 

A small, generalised form, GallinuloideSf nearly related to the existing 
OrtaliSy but considered as representing a distinct family, has been described 
from the Green River Eocene of Wyoming, and true GaUinae of the genera 
PalaeortyXy Taoperdix, and Tetrao occur in the Upper Eocene of France. The 
genus PhasianuSy not found native in Europe as an existing genus, occurs in 
the Miocene of France. Cotumix dates back to the Eocene, and Columba to 
the Lower Miocene of Europe. 

Order 9. COLUMBAR 

The Columbae, or pigeons, have a schizognathous skull and schizorhinal 
nostrils, a point wherein they differ from fowls. The furculum is U-shaped 
and devoid of a hypocleidium, the sternum four-notched and normally with 
a deep keel, the pigeons as a rule being birds of powerful flight. The angle 
of the mandible is usually truncate, and the deltoid crest of the humerus 
produced into a point. 

Remains of existing genera occur from the Miocene upwards in various 
parts of the world. 

Order 10. ACCIPITRBS. 

The AccipUres, as here considered, contain the diurnal birds of prey, the 
owls, the American vultures, and the secretary bird, four very distinct groups. 
They have an imperfectly desmognathous skull, the spongy maxillo-palatines 
being only jmrtly united with one another, and in some species even free. 
Basipterygoid facettes are absent in the diurnal birds of prey, but present in 
the other members of the order. The owls, or Striges, are thought to be 
related to the Caprimulgi, and are characterised by having the orbits facing 
forwards, and by the reversion of the outer toe, this last feature being 
possessed also by the somewhat exceptional and widely distributed osprey, 
Pandion. 

The earliest kno^n members of the order are LUhomis from the London 
Clay, Eocene, Palaeodrcus from the Eocene of the Paris Basin, and Bvbo from 
the Eocene of Wyoming. TeracuSy PalaeohieraXy and representatives of modern 
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genera are found in the Miocene of France. Gypogeranus occurs in the 
Miocene of Africa, and Palaeobarus, & form allied to Folybonis, comes from the 
Pliocene of Mexico. Harpagamis, a bird much larger than any existing eagle, 
has been found in the Pleistocene of New Zealand. 

Order 11. PSITTAOI. 

The Fsittacif parrots, have a desmognathous skull devoid of basipterygoid 
facettes, with the beak so hinged to the cranium as to permit considerable 
movement. The quadrate has a peculiar, long neck, and there are processes 
from the lachrymal, post-frontal, and squamosal, which in a number of species 
unite to form a suborbital bar, a feature not found in any other birds. The 
tarsus is short, the outer toe reversed. 

Fossil parrots are rare, but the African genus PsUtacus is found in the 
Lower Miocene of France. 

Order 12. PICARIAB, 

The Ficariae comprise such a variety of forms that it has been termed the 
"avian waste-basket," while the limits of the group and its subdivisions are 
variously defined by different authors. The well-marked groups embraced 
under the term Ficariae, and often, or usually, given the rank of orders, are as 
follows : — Fici, Alcedinss, Colii^ Troganes, Coradae, Bucerotes, Macrochires, Capri- 
mtUgi, CttctUi, Musophagi, 

That this is not a natural assemblage may be considered as evident from 
the fact that no diagnosis based on osteological characters alone can be framed 
to include all members, though a better agreement is to be found in the 
pterylosis and muscles. It may be regarded as a convenient grouping of 
heterogeneous forms, including many that have become specialised in some 
ways, while at the same time retaining other characters inherited from their 
ancestors, and distinguished by what they lack rather than what they possess. 

The sternum is variable, but the manubrium is lacking, or small, and the 
posterior margin most often four-notched. The hypotarsus never contains the 
number of tendinal perforations found in the Fasseres, and there are often 
peculiarities in. the arrangement of the toes ; thus some swifts and goatsuckers 
have the number of phalanges 2, 3, 3, 3 ; the woodpeckers, cuckoos, and 
toucans have the fourth toe reversed ; in the colies the first toe may be turned 
forwards ; and in the trogons the first and second toes are directed backwards. 
The Fid, characterised by a degenerate palatal structure, and the decurved 
end of the scapula, are united by Fiirbringer to form his Fico-Fasseres, 

Through the plaintain-eaters, Musophagi, the Ficariae seem to point to a 
distant connection with Opisthocomus and the fowls, while the Caprimvlgi are 
considered as related to the owls, and through the generalised Asiatic tree- 
swifts, Ma>CTopieryx, from which we pass to the true swifts, Micropodidae, and 
thence to the humming-birds. 

Unitomis, related to the woodpeckers, and Crypt&tmis, a relative of the 
hornbills, occur respectively in the Eocene of Wyoming and France. Cypselus, 
lAmnatornis, a hoopoe, Trogon, and Necroniis, one of the Musophagidae, are from 
the Miocene of France, the last two hinting at a former more northerly 
extension of the African avifauna. 
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Order 13. PASSEBES. 

The order Passeres embraces about one-half, or, in round numbers, 6000 
species of existing birds, mostly of small size, the raven being the giant of the 
order, widely distributed over the globe. The skull is aegithognathous ; ^ the 
sternum bears a Y-shaped manubrium, and is deeply two -notched behind 
{Conopophaga and a few others are four-notched). The hypocleidium (inter- 
clavicle) is well developed save in Menura and Atrichia^ and almost rests upon 
the anterior part of the sternal keel. 

With the single exception of Chdoniis, in which the fourth toe is a mere 
vestige, there are three toes in front and one behind ; the hypotarsus is more 
highly specialised than in any other group, having four large tendinal 
perforations, and sometimes two smaller ones in addition ; the typical number 
of presacral vertebrae is nineteen, fourteen of which are cervical, the 
Australian genus Petroica being exceptional in having thirteen. The skeletal 
variations in all this great group of birds are small, so small indeed that it is 
almost impossible to use them in making subdivisions, external differences, 
such as slight variations in the proportions of the toes and form of the beak 
being used for this purpose. 

It is instructive to note that Huxley and Furbringer, who used skeletal 
characters, made two families of the Passeres, while Sharpe, using external 
characters, makes forty-nine. The Australian lyre birds (Menuridae), however, 
form a distinct group, and so do the Asiatic broadbills {Eurylaimidae), as 
well as the American tyrant flycatchers (Tyrannidae), and their relatives; 
also the ant thrushes {Formicariidae), and their relatives. The order dates 
from the Eocene, Palaeospiza^ coming from the Florissant Shales of Wyoming, 
and PalaegUhalus and a starling (Laurillardia) from the Eocene of the Paris 
Basin. Above that horizon more occur, but the small size of most Passeres 
is a good reason for the lack of discovery, or lack of preservation, of many 
species. 

In conclusion, it may be well to repeat that our knowledge of the phylogeny 
of the various groups of birds is very imperfect, and that most of the fossil 
forms are not only representatives of well-known families, but often belong to 
the same genera as species now living in the same geographic area in which 
the fossils occur. This is in marked contrast with what we find in the 
Mammalia, for not a family of these found in the Ek)cene, and few from the 
Miocene, are represented by living species. 

From the fact that the majority of birds possess the power of flight they 
throw little light on the problems of former land connections and lines of 
distribution, although they may to some extent indicate climatic differences 
between the jmst and the present. There is a great gap between the birds of 
the Eocene and the toothed birds of the Cretaceous, and a greater one between 
these and the Jurassic Archaeopfenjx, while the point at which birds diverged 
from reptiles, and put on their dress of feathers, is wholly unknown. 

[The preceding chapter on Aves has been revised, and in lar^ part re^iitten by Mr. 
Frederic A. Lucas, of the United States National Museum at Washington, D.C. — Editor.] 

^ Parker, \\\ K., On the Skull of Aegithognathous BirJs (Trans. Zool. Soc. London, Part L vol. 
IX. pp. 289-352 ; Part IL vol. X. pp. 251-314), 1873, 1878. 

* Tliis specimen seems to have been lost, but one is inclineil to doubt from the figure that this 
bird is truly a passerine. 
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